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PREFACE. 


Tue present volume of the Journal of the Iron and Steel Institute 
contains eleven papers presented at the Autumn Meeting, held 
at the British Empire Exhibition, Wembley, London, with the 
discussions and correspondence thereon. Amongst these will be 
found the first instalment of an important investigation on the 
alloys of iron carried out at the National Physical Labora- 
tory, under the auspices of the newly formed “‘ Alloys Research 
Committee.” 

Biographical notes of the careers of Members deceased will be 
found under “‘ Obituary Notices.” 

Section II. contains, as usual, notes on the progress of the 
home and foreign iron and steel industries, as reported in the 
proceedings of scientific and technical societies and in the tech- 
nical press, together with a short review of new books presented 
to the Institute, and a bibliography of the principal works dealing 
with the metallurgy of iron and steel and allied subjects, which 
have appeared during the past six months. 

At the end is inserted a list of the British Standardised Steel 
Samples issued jointly by the Iron and Steel Institute and the 
National Physical Laboratory showing where and on what terms 
they are available. 


28 Victoria StrEET, Lonpon, S.W. 1. 
December 31, 1924. 
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THE 


IRON AND STEEL INSTITUTE. 


SECTION I. 
MPNUT ESOP UPRO CEE DINGS: 


AUTUMN MERTING. 


Tue Autumn Mrstine of the Iron anp Steen InstrTuTE was 
held at the British Empire Exhibition, Wembley, on Thursday 
and Friday, September 4 and 5, 1924, Sir Witt1am Etuts, G.B.E., 
D.Eng. (President), occupying the Chair. 


On the opening of the proceedings at 10.80 on the morning of 
Thursday, September 4, 1924, the Minutes of the last Annual 
Meeting, held in London in May, were taken as read and 
confirmed. 


Mr. A. Harvey (London) and Mr. W. Cross (London) were. 
appointed scrutineers of the ballot for the election of new members, 
and on their completion of the scrutiny announced that the 
following candidates had been duly elected : 


MEMBERS. 


NAME, ADDRESS. PROPOSERS. 


Adam, Alastair Thomas | 14 Links Place, Mussel- | J. D. Brunton, J. Craig, 


burgh G. P. West. 
Astbury, Samuel John, | N. Hingley & Sons, Ltd., | J. E. Fletcher, J. 8. 
M.A. (Cantab.) . Netherton Ironworks, | * Trinham, P. Jump. 
Dudley 
Bagna, Giuseppe . | 42 Via Piffetti, Turin, | G. A. V. Russell, G. M. 
Italy Brown, E. H. Saniter. 


1924—ii. a8 


ELECTION OF MEMBERS, 


NAME. 


ADDRESS. 


PROPOSERS. 


Banks, Francis William 
Richard 


Burch, Charles S. 
Carosio, Ing. Giovanni, 
M.1I.Mech.E. 
Cervera, José M. 
Deschamps, Joseph 
Dickson, Henry Charles 
Elam, Miss Constance F. 
M.A. (Cantab.) 
Elliot, Ian Frederick 


Lettsom 
Fernandez, Ismael 


Fraser, James, C.M.G., 
M.Inst.C.E. 


George, Jerome R. 


Gibney, James Louis 


Hamilton, Forman 


Hann, Frank Percival . 


Henry, Curtis Raymond 


Johnson, George Henry 
Klang, Max, LL.D. 
Lee, Dai Chin 


Lewis, W. Walker 


The Dell, Barnt Green, 
Birmingham j; 


Bark Hart, Orpington, 
Kent 


Via Monte Napoleone 22, 
Milan 


Apartado 4, San Fer- 
nando, Spain 


The Coppice, Letchworth, 
Herts. 


Halesowen Steel Co., near 
Birmingham 


Addington House, New 
Barnet 


66 Cannon Street, London, 
E.C. 4 

Calle Hortalizas 30, Gijon, 
Asturias, Spain 


Commissioners’ Office, 
New South Wales 
Government Railways 
& Tramways, Sydney, 
N.S.W. 

54 Elm Street, Wor- 
cester, Mass., U.S.A. 
416 Woodward Avenue, 
Buffalo, New York, 

U.S.A. 

1420, 4th Avenue, Cora- 
opolis, Pa., U.S.A. 

Llangattoch Park, Crick- 
howell, Breconshire 


United Alloy Steel Cor- 
poration, Canton, Ohio, 
U.S.A. 

Linthorpe, Rockingham 
Road, Kettering 

10 Rue Victorien Sardou, 
Paris (16°) 

25 Sha-Ho-Kai, South 
Gate,Changsha,Hunan, 
China 

Pinners Hall, Old Broad 
Street, London, E.C. 2 


SirWilliam Ellis,G.B.E., 
Sir Frederick Mills, 
Bart., H. B. Toy. 

G. Hatton, C.B.E., J.S. 
Trinham, J.W. Trows- 
dale. 

R. T. Durran, Sir James 
Kemnal, Sir R. A. 
Hadfield, Bart. 

Ae C5 Dalton sealable 
Watson, W. J. Daw- 
son. 

H. G. Stobart, C. P. 
Sandberg, T. H. C. 
Homersham. 

G. Hatton, C.B.E., J. 8. 
Trinham, J.W. Trows- 
dale. 

H. C. H. Carpenter, N. 
Belaiew, G. D. Ben- 
gough, 

F. W. Keen, T. 8S. Pea- 
cock, W. Simons. 

A. de Churruca, V. 
Balanzategui, L. Bar- 
reiro. 

D. J. Shedden, J. H. 
Skelton, J. E. Latham. 


A. Peech, A. J. Capron, 
T. W. Hand. 

H. B. Hanley, A. Sau- 
veur, E. L. Reed. 


J. A. Coyle, W. J. Green, 
S. 8. Green. 

Sir FrederickMills,Bart., 
Sir William Ellis, 
G.B.E., F. Samuelson. 

M. H. Schmid, R. 8. 
Poister, T. H. Nelson. 


A. McBean, A. Cooper, 
C. H. Ridsdale. 

P. Keim, P. Gouge, D. C. 
Lysaght. 

A. Sauveur, G. B.Water- 
house, E. L. Reed. 


Sir R.A. Hadfield, Bart., 
A. B. H. Clerke, P. B. 
Brown. 


CHANGES IN THE COUNCIL. 


3 


NAMB. 


ADDRESS. 


PROPOSERS. 


McBean, Archibald D. G. 


Matsushita, Tokujiro 


Nepper, Fernand 


Nield, George William . 
Olazabal, Luis de 
Roure, Jerénimo 


Singh, Lachhman, 
A.M. Inst.C.E. 
Stuck, Harold D. 


Van der Waerden, J. 
Wildsmith, George 


Hector Robert 
-Williams, Edgar . 


| Sen, Nalinbihari, B.Sc. 


Tyninghame, Tettenhall, 
Wolverhampton 

Research Institute for 
Tron, Steel, and other 
Metals, Sendai, Japan 

Fabrique Nationale 
d’Armes de Guerre, 
Soc. Anon.,'Herstal-lez- 
Liége, Belgium 

The Jamshedpur Steel- 
works, India 


Rodriguez Arias 
1-4°, Bilbao 


No. 
Apartado 13, Bilbao 


Phagwara, Panshta, Pun- 
jab, India 

184 Abbott Street, Law- 
rence, Mass., U.S.A. 

12 Carol van By¥landtlaan, 
The Hague, Holland 

Petersfield, Yarborough 
Road, Lincoln 

Beaumont, Mount & 
Pleasant, Swansea 


ASSOCIATE. 


221 Cemetery Road, Shef- 
field 


A. Cooper, A. McBean, 


J. Payton, 
K. Honda, H. C. H. Car- 
penter, Sir R. A. 


Hadfield, Bart. 
A.Galopin, H. de Gorski. 


James Henderson, A. 
Robinson, H. &. 
Wright. 

A. de Churruca, YV. 


Balanzategui, L. Bar- 
reiro. 

Sir Ramon de la Sota, 
KeB hie bee Merde 
Aznar, E. de Aburto. 

Sir William Ellis, G.B.E. 


V. O. Homerberg, E. A. 
Mead, I. N. Zavarine. 

V. B. Reichwald, H. E. 
Oving, jun., E. Bury. 

G. T. Wildsmith, S. 
Widdas, E. Adamson. 

F. T. Thomas, J. Davies, 
T. O. Lewis. 


Ch Hes Deschy Deak. 
Russell, E. Gregory. 


CHANGES IN THE COUNCIL. 


The PresipENT said it was usual at an Autumn Meeting for 


the President to make some announcement as to the changes that 
had occurred on the Council since the previous meeting. The 
Council had appointed four gentlemen—vVice-Presidents and 
Members of Council—to the position of Honorary Vice-Presidents, 
namely, Professor H. L. Le Chatelier, who was so well known for 
his scientific work ; Mr. William H. Hewlett ; Mr. Edward Steer ; 
and Mr. C.J. Bagley. He desired, in the name of all the members, 
to express their regret that the Institute would not have the 
services of any of those gentlemen as its President. There were 


4 PRESIDENT ELECT. 


two reasons for that state of affairs—the first, a very substantial 
one, that of age, and the second, the onerous duties and responsi- 
bilities which those gentlemen bore at the present moment. It 
would be bad taste on his part to allude, except very casually, 
to a subject to which he had referred on a previous occasion— 
namely, that he hoped the new rule which the Council had 
introduced of the Presidency being held, except in very unusual 
circumstances, for one year only, might obviate in future the loss 
of the services of such eminent men as those he had mentioned. 
He thought the members would agree that all the gentlemen to 
whom he had referred were eminently suitable to occupy in turn 
the position of President of the Institute, and it was because they 
were no longer able to take the office of President that the Council 
had endeavoured to honour them by electing them as Honorary 
Vice-Presidents. He hoped the helpful interest they had taken 
in the work of the Institute would not be lessened, but would 
be increased by the effort which had been made to honour them 
in the manner he had announced. 


PRESIDENT HLECT. 


He further had much pleasure in announcing that a gentleman 
who was well known in the steel industry, and also for the valuable 
work he had done for the Institute, had accepted the office of 
President for the coming year—namely, Sir Frederick Mills, Bart. 
In view of the elections to which he had referred, certain vacancies 
had been created in the list of Vice-Presidents, and the Council 
had accordingly elected the following three gentlemen to be 
Vice-Presidents of the Institute: Colonel Sir Charles Wright, 
K.B.E., C.B.; Mr. Frank W. Harbord, C.B.E.; and Mr. William 
R. Lysaght, C.B.E. Consequent on those elections, vacancies 
had occurred in the Council, which it was proposed to fill by the 
appointment of Dr. C. H. Desch, F.R.S., a very eminent metal- 
lurgist ; Captain Valentine Beardmore Stewart, 0.B.E., a colleague 
of Lord Invernairn ; and Mr. William Simons. 


Continuing, the President said that although the Institute 
existed for the purpose of studying the technical side of the iron 
and steel industry, it was impossible for members to fail to take 
notice of the serious position in which the iron and steel industry: 


PRESIDENT ELEOT. 5 


found itself at the present time. It was true that was a com- 
mercial question, but it was so closely associated with their efforts 
as members of the Institute that he thought he was in order in 
basing some remarks upon a fact which, unfortunately, they 
all knew too well. It appeared to him that there never had been 
a time when the valuable services of members of the Institute, 
possessing, as they did, special technical knowledge resulting from 
years and years of close scientific study, would be appreciated 
more fully than in connection with the position in which the 
industry found itself. It was up against certain economic diffi- 
culties, apart from financial ones, which were almost staggering. 
It was true that there were other countries which, happily, had 
been able to spend more money on plant and renewing the general 
equipment of their works than had been possible in Great Britain 
since the war, owing to the stringent financial conditions that had 
existed. He desired, however, to urge very strongly that, what- 
ever the financial difficulties in Great Britain might be, they would 
be increased rather than lessened if those responsible in connec- 
tion with steel plants failed to realise the great importance of 
maintaining those plants on as modern lines as possible. It was 
most important for those at the head of concerns to listen 
attentively to the proposals and criticisms which were put for- 
ward by the members of their staffs, whether those members 
were metallurgists or engineers, because he felt quite certam 
that, in view of the difficult circumstances to which he had 
alluded, the industry could only exist in competition with 
other countries if plants and appliances were put into ab- 
solutely modern conditions, and all the labour-saving and fuel- 
saving ideas which were put before them were adopted. In that 
connection he desired to plead for the younger men, both in 
engineering and metallurgy, many hundreds of whom, as was well 
known, were thoroughly well equipped on the technical side of 
their subjects. He knew that such men coming into works 
without any practical knowledge, or with very little practical 
knowledge, might be regarded as to some extent a.danger. He 
desired, however, to urge, as a perfectly sound point, that the 
steel-maker and the maintenance engineer, both of whom were 
very well equipped with practical knowledge, were from day to 
day carrying on not only the manufacturing processes but all 
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the administrative work, and it was practically impossible for 
men in such a position to give the necessary time and to bring 
perhaps the latest knowledge to bear in connection with the 
economic adjustment, either of machinery or of metallurgical 
processes, which they might do were they less burdened with 
routine work. On the other hand, if advantage were taken of 
the knowledge of younger men of good scientific training, who 
were well-read in all modern economic methods which had 
recently been put forward by eminent men, it would be possible 
for them to make suggestions to the head men as to how economies 
in fuel, in furnaces, in machinery, in electric driving, and in other 
directions, could be introduced, and that would result in obtaining 
much better and more valuable work from the men in command 
of the metallurgical and engineering sides. Much spadework 
would thus be done by younger men with modern educational 
equipment, thus lessening the amount of preparation work and 
reading involved in arriving at a sound opinion on the desirability 
or otherwise of introducing various economies. He felt certain 
that if Great Britain were to live in competition with some of its 
foreign neighbours it would be necessary to look very closely into 
the question of rendering available the scientific and educational 
advances which had been made in connection with steelworks 
machinery, whether on the engineering side, the fuel side, or the 
metallurgical side. He thought members of the Institute ought 
to take most carefully into account that aspect of affairs, realising 
that in many cases the industry was actually fighting for its very 
existence. 


The authors of the papers ‘‘ On the Nature of High-Speed 
Steel,” and “The Changes of Volume of Steels during Heat 
Treatment,” which were announced as the first papers to be read, 
not being present, it was decided to proceed with the paper 
by Professor Epwarps on “ Pickling; or the Action of Acid 
Solutions on Mild Steel and the Diffusion of Hydrogen through 
the Metal,” after which a paper on “ The Effect of Free Surfaces 
on the Plastic Deformation of Certain Metals,” by I. C. THomp- 
son, D.Met., B.Sc., and W. E. W. Minuineron, M.Inst.C.E., 


M.I.Mech.E. (Manchester), was read, and the meeting adjourned 
to the following day. 


PAPERS PRESENTED FOR DISCUSSION. a 


On the morning of Friday, September 5, the Present 
formally announced that, in accordance with Rule 10, the follow- 
ing list of Vice-Presidents and Members of Council due to retire 
at the Annual Meeting, 1925, was submitted to the Council. 
The Vice-Presidents retiring were the following: Mr. Andrew 
Lamberton, Sir Charles Wright, and Mr. Mannaberg ; and the 
Members of Council retirig were Mr. Charles Markham, Mr. G. 
Hatton, Mr. B. Talbot, Mr. H. Brearley, and Professor H. Louis. 

The gentlemen whose names had been read out were eligible 
for re-election at the Annual Meeting if no other names were 
received within one month of that meeting. 


The following papers were then read : 


“Ferrous Alloys Research. Part I.—JIntroduction,”’ by 
Water Rosenualn, D.Sc.,F.R.S.(National Physical Laboratory). 

“Part I[.—Iron and Oxygen,” by Frep. 8. Trrrron and 
D. Hanson, D.Sc. (National Physical Laboratory). 

“Part [1I.—The Estimation of Oxygen in Pure Iron,” by 
T. EH. Roonzy, A.I.C., A.M.S.T. (National Physical Laboratory), 
and F 
“The Hardening of Steel,” by Wattnr Rosenuatrn, D.Sce., 
F.R.S., F.Inst.P. 


After the first-named paper had been discussed and Dr. 
Rosenhain had introduced the paper standing in his own name, 


The PresiDEnT said that in view of the shortness of the time 
available for discussion of the papers, it was necessary for him 
to announce that, with Dr. Rosenhain’s consent, it had been 
arranged that any discussion on Dr. Rosenhain’s paper would 
take place by correspondence. That was largely due to the fact 
that the next paper to be read was by Dr. Axel Hultgren, who had 
come over from Sweden specially to read his paper, and it would 
therefore be very discourteous not to allow him a full opportunity 
of placing his views before the meeting. He begged to move a 
most hearty vote of thanks to Dr. Rosenhain for his instructive 


paper. 


The resolution was carried by acclamation. 


8 VOTES OF THANKS. 


The following paper was then read : 


“Tmprovements in the Brinell Test on Hardened Steel, 
Including a New Method of Producing Hard Steel Balls,”’ by 
Axe. Hutteren, Met.Eng. (Gothenburg). 


After Mr. Hultgren’s paper had been discussed, 


Sir Ropert Hapriexp, Bart., F.R.S. (Past-President), moved 
a hearty vote of thanks to the President for the admirable manner 
in which he had presided over the meeting, and said the members 
were specially indebted to Sir William Ellis for the manner in 
which he had conducted the proceedings during the past two days. 
They would also desire to thank him most cordially for presiding 
so admirably over the important meetings of the Empire Mining 
and Metallurgical Congress, which had been held during the 
summer, at Wembley. 


The resolution of thanks having been carried by acclamation, 


The PrestpENnt, in reply, said he was exceedingly indebted 
to the members for the kind vote of thanks they had passed. He 
thought they ought to go away from the meeting very satisfied 
with the interest which had been shown in the papers. At one 
time the Council were a little apprehensive lest the fact that the 
Mining and Metallurgical Congress held in June might lessen the 
interest in the Autumnal Meeting. The large attendances at the 
meeting, the interest taken in the papers, and the importance of 
the discussions that had ensued showed that the Congress had not 
interfered in any way with the success of the Autumn Meeting. 


The meeting then terminated. 
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PICKLING ; OR, THE ACTION OF ACID SOLU- 
TIONS ON MILD STEEL AND THE DIFFUSION 
OF HYDROGEN THROUGH THE METAL. 


By Prorrssor C. A. EDWARDS, D.Sc. (Swansna). 


As is well known, the oxide of iron which is formed on the surface 
of steel during hot-rolling, &c., has to be completely removed 
before the metal can be satisfactorily covered with a superficial 
coating of tin, zinc, or enamel. This is because it is essential to 
have a perfectly clean metallic surface before tin, or zine, will 
unite with the steel, or enamel can form an adherent coating upon 
it. In the trades, the operation in which this cleaning is performed 
is known as “pickling.” The steel is immersed in aqueous 
solutions of sulphuric or hydrochloric acid. The acidity of the 
solutions used varies within wide limits, and depends upon the 
amount of oxide which has to be removed, and to some extent 
upon the nature of the coating it is subsequently intended to put 
upon the metal. The acid penetrates the more or less porous 
film of oxide, and on coming into contact with the underlying 
_metal forms ferrous sulphate, or ferrous chloride, as the case may 
be, with the liberation of hydrogen. In spite of what some writers 
on this subject have said, there can be no doubt that this gas, 
being generated, as it is, between the metal and the oxide, 
is responsible for the removal of a large proportion of the 
oxide by mechanically detaching it from the metal before it 
can be dissolved by the acid. Other reactions may also take 
place, but for the purpose of the present paper only one need 
be mentioned. 

In a general kind of way it has long been known that not the 
whole of the hydrogen generated by the action of sulphuric or 
hydrochloric acid upon steel freely escapes from the liquid ; some » 
is taken up—that is, absorbed—by the metal itself, and is more 
or less permanently retained in that condition. Further, it is 
recognised that when hydrogen has been absorbed by steel in this 
manner the metal is embrittled. Some of this embrittling can only 
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be regarded as of a temporary character, for it can be removed by 
a low-temperature annealing. ‘The revival of the properties of 
the metal, by this annealing, is dte to a large proportion of the 
absorbed hydrogen being driven out of the metal. The amount of 
hydrogen which can be removed in this way is governed by two 
factors—namely, time and temperature of annealing. The higher 
the temperature and the longer the time, the more complete the 
elimination of the hydrogen. 

After a careful search in the literature bearing on this subject, 
the earliest reference to the above phenomena which the author 
has been able to locate is by Cailletet.” This work does not appear 
to be generally known, and the present investigation was almost 
completed before the author came across it. Cailletet found 
that some of the hydrogen generated during pickling is not only 
absorbed by the iron, but that the gas will readily diffuse through 
the metal, and can be collected at the opposite surface. Further, 
he also demonstrated that this diffusion will proceed against a 
pressure of fourteen atmospheres. Quite independently, W. H. 
Johnson made some interesting observations concerning the 
absorption of hydrogen by iron, and arising out of these Osborne 
Reynolds ® demonstrated in a very simple manner that hydrogen 
will diffuse through wrought iron. He says: ‘I then obtained 
a piece of wrought iron gas pipe 6 inches long and 3 inch external 
diameter, and rather more than =|, inch thick ; I had this cleaned 
in a lathe, both inside and outside; over one end I soldered a 
piece of copper so as to stop it, and the other I connected with a 
piece of glass tube by means of india-rubber tube. I then filled 
both glass and iron tubes with olive oil and immersed the iron 
tube in dilute sulphuric acid; . . . with a view to increase the 
speed (of diffusion) I changed the acid several times without much 
effect, until I happened to use some acid which had only just been 
diluted and was warm; then the gas came off twenty to thirty 
times as fast as it did previously. I then put a lamp under the 
bath and measured the rate at which the gas came off, and I found 
that when the acid was at the point of boiling as much hydrogen 
was given off in five seconds as had previously come off in ten 
minutes, and the rate was maintained in both cases for several 
hours.”” The same investigator also gave evidence showing that 
the hydrogen absorbed during pickling is slowly eliminated from 
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the steel at ordinary temperatures, but much more rapidly at 
100°C. Judging from the work done by Cailletet, and by Osborne 
Reynolds, there can be no doubt that the more essential features 
concerning this particular aspect of pickling were known over 
fifty years ago, and it is therefore all the more surprising that so 
little quantitative evidence has since been published. 

Tn recent years a considerable number of researches have been 
published which deal with the effects of cathodically liberated 
hydrogen on the properties of the steel, and the influence of current 
density on the rate at which hydrogen diffuses through the metal. 
Amongst these may be mentioned that by F.S. Fuller,“ who showed 
that hydrogen will pass through iron at temperatures from 20° 
to 100° C., both when the metal is pickled directly in 1-0 per cent. 
solution of sulphuric acid and when it is made the cathode in 
such acid. In this work no attempt was made to study the effects 
of acidity, and varying temperatures, upon the rate of diffusion ; 
it was almost entirely concerned with the effects of current density 
on the diffusibility of hydrogen, &c. 

In 1922 G. C. Schmidt and T. Lucke gave an account of a 
most interesting series of experiments in which they studied the 
change of potential, with time, whilst the current was passing 
through the electrolyte, and after the current had been dis- 
continued. 

A little later M. Bodenstein worked in a similar direc- 
tion, and concluded that cathodically generated hydrogen diffuses 
through iron in the atomic state. In an attempt to demonstrate 
that the gas was in the atomic condition he hoped to make it 
combine with bromine vapour, chlorine, or sulphur, on withdrawing 
it from the interior of the cathode, but met with no success. With 
nitrogen, however, a small quantity of ammonia was formed, and 
with oxygen large quantities of water. . 

Numerous papers dealing with the embrittling effects of 
hydrogen on iron and steel, both by ordinary pickling and when 
the gas is cathodically generated, have been made. Since, however, 
the present paper does not deal with this aspect of the question, 
those interested are referred to the original publications, and 
especially to the papers by Fuller “> and by §. C. Langdon and 
M. A. Grossman, in which full references are given. 

The present author’s attention was drawn to this question on 
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taking up the study of the defect known as “ peppery blisters,”’ 
which is sometimes encountered in the manufacture of tinplates. 
These blisters are extremely small, and appear on the finished 
sheet in large numbers, giving the surface a pimpled and rather 
dull appearance. 

Dealing with this subject in 1901, Ridsdale said: “ Pickling 
may sometimes cause blisters on thin sheets. These pickling 
blisters are quite distinct from ordinary blowhole blisters, and are 
usually thickly distributed over the plate. They never appear 
until after pickling, and often come up after the annealing which 
follows it. Such blistered sheets are also brittle.” He stated 
that he had sheared blistered sheets into shreds, under water, 
and collected the liberated gas, which consisted essentially of 
hydrogen. From the point of view of the present mvestigation, 
the two most interesting conclusions which Ridsdale put forward 
were : 


“(1) It seems probable that the grains, which in thin sheets 
are flattened into flakes or laminew, become separated 
perhaps by the action of the acid, and when sufficiently 
thin the film of metal is disturbed by the hydrogen 
either at once or by the heat whilst annealing.” 

‘““(2) He had never seen conclusively explained why, or under 
what conditions, the hydrogen is absorbed, whether it is 
a question of strength of acid, temperature, or length 
of time, but it is quite certain that pickling does not 
always have the same effect.” 


Some idea of the character of the blisters under considera- 
tion may be gained from an examination of the photomicrographs 
Figs. 1 to 5 (Plates I. and IJ.) of unetched cross-sections of 
peppery blistered tinplates. As will be seen, they are small and 
vary very much in shape. So far it has not been possible to 
ascertain the nature of the substance present in the plates at 
the areas which correspond with these holes, but before they were 
developed by pickling, &c. 

E. F. Law © conducted some useful experiments relating to 
these blisters, from which he concluded that : 

“ Oxidised steel will give rise to blistered sheets, and. that 
this defect is more liable to occur with Bessemer than with 
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open-hearth steel.” He offers the following explanation of the 
formation of these blisters : 

“... in the pickling bath large volumes of hydrogen are 
evolved, and it is well known that hydrogen is capable of entering 
and passing through a thin sheet of steel. Further, nascent 
hydrogen is a powerful reducing agent, and this hydrogen, assisted 
by the high temperature of the pickling bath, reduces the oxide 
in the steel with the formation of water vapour. The volume 
of the molecule of water is, however, much greater than that of 
hydrogen, and, therefore, is incapable of passing out of the sheet. 
Moreover, the volume occupied by the water vapour is much greater 
than the volume occupied by the original oxide, and the internal 
pressure thus produced is sufficient to cause an incipient. blister, 
which increases in size, owing to the expansion of the water vapour 
when the sheet is subsequently annealed. During the anneal- 
ing, however, the reaction is reversed, for at a red heat ,water 
vapour is again decomposed, with the formation of oxide and 
the liberation of hydrogen.” 

Prior to making any of the experiments which are to be 
described in the present paper, the author formed the view that 
there was another explanation which would fit in with all the 
facts quite as well as the one put forward by Law. 

Whilst agreeing that isolated patches of oxide might give rise 
to blisters, it does not seem necessary to postulate that reduction 
of this oxide need take place. Indeed, to the author it seems 
just as conceivable that undissolved impurities, or constituents 
such as carbide of iron and manganese sulphide, might behave in 
precisely the same manner as oxide of iron in this respect. Taking 
the fact that hydrogen has the power of diffusing through iron, 
it may be assumed that this diffusion will naturally continue until 
the metal becomes saturated with the gas. The saturation limit 
will no doubt vary with the temperature and strength of acid used. 
With perfectly pure iron this diffusion and saturation of the metal 
is probably brought about by the hydrogen atoms being, so. to 
speak, passed from one atom of iron to another, until the former is 
uniformly distributed through the metal. Commercial steels can- 
not, however, be perfectly homogeneous in this sense, and some are 
less so than others. If it be assumed that the small dots in Fig. 8 
represent atoms of iron, and the area X is an inclusion of some 
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kind which is not iron, then, during pickling, the hydrogen 
atoms would enter at the surfaces a and b, and would be conveyed 
along the path of the iron atoms until they reached the boundary 
of X. At this stage further diffusion would be obstructed by 
the inclusion, and the hydrogen atoms reaching this surface would 
be forced to detach themselves from those of iron by the continuous 
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flow of hydrogen from behind. As these hydrogen atoms become 
detached they would form molecules H,, which of course are 
incapable of diffusing through iron at ordinary temperatures. 
Hence molecular hydrogen would accumulate at the boundary of 
X, and the amount of this entrapped gas would go on increasing, 
because the inflow would continue so long as pickling was in pro- 
gress 5 the rate of inflow being scarcely, if at all, affected by the 
increasing internal pressure. Naturally, the thinner the plate, or 
the nearer the inclusion to the surface, the shorter will be the time 
required for the hydrogen to penetrate to such inclusions. In 
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very thin plates the internal pressure at these inclusions will 
quickly become so great as to cause a blister by forcing out the 
surfaces of the sheet, even at ordinary temperatures, or at some- 
thing below 100° C. But, even if the pressures be not high 
enough to do this by the end of the pickling operation, there is a 
further opportunity during white annealing, or when the sheets 
are being passed through the tinning bath. This is a very simple 
explanation; but it must be confessed that it would be more 
acceptable if experimental facts could be obtained that would 
carry it a little beyond the stage of pure speculation. It was a 
difficult matter to see how this could be done by planning experi- 
ments that would be conclusive, or even definitely helpful. The 
most difficult thing to arrange in this respect was, to have an 
inclusion in a known position without cutting the specimen to 
find it. After much consideration, and many attempts of different 
kinds, a very simple and satisfactory test, so far as oxide of iron 
is concerned, was devised. 

To make this clear, it will be useful briefly to draw attention - 
to a few facts relating to the manufacture of tinplates. In rolling, 
after the original bar has been hot-rolled in the sheet-mill for a 
number of passes, the sheet is doubled, reheated, and the doubled 
sheet again hot-rolled. This operation of doubling, &c., is repeated 
until the thickness of the sheet has been reduced to the desired 
degree. As these rolling operations-are carried out at a good red 
‘heat, each sheet in the finished bundle is separated from its neigh- 
bours by a film of oxide of iron. The success of subsequently 
opening, that is, separation of these sheets from one another, after 
shearing the folded edges, depends almost entirely on whether 
the film of oxide between the sheets has remained continuous 
or not. If the film has become broken during rolling, welding 
at such points might occur, and complete separation becomes 
difficult, if not impossible. 

It will thus be seen that by taking two sheets of this kind, 
which have not been disturbed since hot-rolling, it ought to be 
possible to get an oxide inclusion, in a known position, and study 
the effect of pickling upon it. Fig. 6 (Plate III.) shows a photo- 
micrograph of an oxide film between two sheets. With this in 
view, a large number of compound sheets have been examined. 
For this purpose circular discs 8 inches diameter were cut out 
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and the edges carefully welded together by means of an oxy- 
hydrogen flame, thus sealing up the two plates and obtaining 
an inclusion of oxide of iron. The thickness of the discs was 
0:46 millimetre—that is, each sheet was 0:23 millimetre thick 
minus half the thickness of the oxide film. 

On immersing these specimens in aqueous solutions of sul- 
phuric or hydrochloric acid of any strength up to 30 per cent. 
acidity, and at any temperature between 0° and 100° C., it was found 
that hydrogen penetrated to the oxide layer and accumulated 
between the sheets. The pressures of the gas were sufficient to 
cause a complete separation of the sheets at all points except 
at the edges, where they had been welded together. The degree 
of bulging could be made to beas muchas } inch, but this of course 
was determined by the length of time the discs were kept in the 
acid, and by the rate of acid attack; the latter increasing with 
the acidity and the temperature. At temperatures approaching 
100° C. complete separation of the sheets occurred in the course 
of a few minutes, but at low temperatures much longer times 
were required. It may be interesting to note that since this 
separation of the sheets could be brought about at 0° C., when 
there could be no possibility of the formation of steam or any 
material quantity of water vapour, Law’s explanation does not 
seem to be tenable. 

Purely qualitative experiments were made to ascertain whether 
the diffusion of hydrogen could be prevented, and pickling, that 
is, the cleaning of the surface of the sheet, still effected. By making 
one of the above-mentioned discs the anode, and any other metal 
the cathode, using dilute sulphuric acid as the electrolyte, and 
passing a current of a few amperes through the solution, it was 
found possible completely to dissolve these discs without showing 
signs of hydrogen diffusion at any stage. 

Another experiment was made by taking a strip of one of 
these compound sheets and rolling it down to a very thin gauge, 
with intermittent annealing. One-half of this was then pickled 
in the usual manner, but at ordinary temperatures, and the other 
half electrolytically pickled (Fig. 7, Plate III.). It will be seen 
that the portion which was electrolytically pickled is perfectly 
smooth and shows no signs of blisters, whilst there are clear 
indications of blisters on the other part. 
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Attempts were made to replace the oxide film by one of 
carbide of iron, but, so far, these have not been successful. It is, 
therefore, impossible to say with any degree of finality that this 
constituent, or manganese sulphide, will, or will not, behave like 
oxide inclusions, but the author is very much inclined to believe 
it will. In this connection it is of interest to note that by 
covering a perfectly clean plate with a film of collodion, on one side 
only, and immersing the sheet in dilute sulphuric acid, blisters 
are produced under the collodion. These do not persist for long, 
however, presumably because the hydrogen diffuses through the 
collodion. Another interesting demonstration of a similar kind 
was obtained by taking an enamelled dish from which some of the 
enamel had been removed from the inside; after allowing cold 
dilute sulphuric acid to rest in this dish for some time, it was found 
that considerable quantities of the enamel became flaked off the 
outside surface. In this instance it was found that the pattern 
obtained by the flaking off of the enamel corresponded with that 
of the acid attack on the inside of the dish. 


QUANTITATIVE MEASUREMENTS. 


After having reached this stage in the investigation the author 
thought it would prove useful, as a further step in the study of 
pickling, and certainly interesting from a purely theoretical point 
of view, to make a careful examination of the conditions which 
govern the rate of hydrogen diffusion through steel. Quantita- 
tive evidence in this direction seems essential before going further 
with the more important aspects of the practical problem, such as 
endeavouring to devise a commercial method of preventing, or 
even regulating, the degree of hydrogen diffusion into steel during 
pickling. Many different kinds of apparatus were made, and tried, 
before any real success was achieved. In view of the possibility 
of a large number of tests being required, it was considered desir- 
able to use the simplest form of apparatus consistent with a 
reasonable degree of accuracy. 

A sketch of the apparatus finally decided upon is shown in 
Fig. 9. A is astout glass cylinder with a carefully ground flange at 
the bottom ; B represents the sample of sheet steel under examina- 
tion; C is what may be described as a strong glass saucer with a 
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substantial flange, the upper surface of which is ground like that 
on the cylinder A. Into the base of the saucer is fused a length 
of strong glass capillary tubing, bent as shown in the illustration. 
A perfect gas-tight fit was obtained by the use of two thick rubber 
washers well smeared with vaseline, and four strong metal clamps, 
only two of which are shown in the sketch. All air in the space 
below the experimental sheet was carefully excluded before each 
test was made, by pouring mercury through the glass capillary. 
This was done after the sheet was in position, but before the clamps 
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were screwed down, the last trace of air being removed by tilting 
the apparatus whilst a good stream of mercury was flowing 
between the sheet and the lower rubber washer. The pressure 
of mereury causing this flow was maintained whilst the clamps 
were being serewed down as far as they would go. This apparatus 
rested in aretort stand and could be immersed in a bucket of water ; 
under these conditions it was possible to conduct experiments at 
a desired constant temperature anywhere between 0° and 100° C. 
Before starting an experiment sufficient time was allowed for the 
apparatus to reach the desired temperature, the measured quantity 
of acid being separately heated to the same temperature. The acid 
was poured into the glass cylinder A, and was thus brought into 
contact with the upper surface of the sheet, with the generation 
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of hydrogen. Any hydrogen which diffused through the metal 
displaced a corresponding volume of mercury, forcing it out of 
the capillary tubing at F', where it could be collected and weighed 
at convenient intervals of time. By weighing the mercury more 
accurate determinations of the volume of hydrogen diffused were 
obtained than could have been attained by any convenient method 
of measuring the volume directly. 

The circular portion of the sheet which was in contact with 
the acid was 2-5 inches in diameter, corresponding with an area 
of 31-67 centimetres. 

During the earlier experiments that were made it became 
evident that, although the apparatus was capable of giving the 
required degree of accuracy, there was a possible disturbing factor 
in the specimens themselves which must be kept constant if 
comparative results were to be obtained. For example, it was 
noticed that different results were obtained if the surface of the 
sheet in contact with the acid had, or had not, a coating of oxide 
upon it. This was the case even when every care was taken to 
keep all other disturbing factors constant. In view of this, special 
care was taken in selecting sheets to see that all had, as nearly as 
could be estimated from a visual examination, about the same 
amount of, oxide of iron upon them. To still further guard 
against irregularities arising from this cause, each complete set 
of tests was made with samples that were cut from the same sheet, 
and care was taken to ensure that the acid attack was always on 
the same side of the specimen in relation to the original sheet 
from which they were cut. 

All experiments have been made with hot-rolled sheets, or, in 
the case of thick specimens, with samples that had been heated to 
and cooled from 900° C. In all cases, unless otherwise stated, the 
volume of solution employed was 100 cubic centimetres. 


Errect or Varyine H,S8O, Acipity on tHe Rate oF 
Hyprogsn Dirrusion. 


- Hot-Rolled Sheets 0-005 Inch Thick.—In this series of experi- 
ments a wide range of solutions of sulphuric acid in water was 
used. The temperature was the same in each case, namely, 18° C. 
The results are given in Tables I. to VIII. The volumes of 
hydrogen diffused have been corrected for 0° C. 
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From the nature of the subject under consideration, it will be 
readily understood that the results could be examined from two 
different points of view. It would be possible (a) to estimate the 
volume of hydrogen diffused during a period of time which could 
be kept the same in each case, or (b) to determine the time required 
for the diffusion of a constant volume of hydrogen. So far as the 
author can see, neither method possesses any definite advantage 
over the other. In both there would be a factor which changes 
with variations in the strength of acid used, namely, the amount 
of iron dissolved. For the purpose of the present investigation 
it was decided to estimate the times required for the diffusion 
of 4 cubic centimetres of hydrogen. These times were obtained 
after plotting the results which are given in the tables, and 
reading off the values corresponding with the above-mentioned 
volume. These values have been plotted graphically against the 
respective acidities of the solutions used (see Fig. 10, p. 28). From 
this curve it will be observed that the rate of diffusion rapidly in- 
creases as the acidity is raised from about 5 per cent. to 15 per 
cent., and very slowly as the acidity is further increased. 


TaBLeE I.—4-9 Grammes H,SO, per Intre. Temperature, 18° CQ. 


Murationiohvest: Volume of Boe at 0° 0., 


iffused., 

Hours. Minutes. O.c. 
1 25 0-129 
3) 25 1-060 
17 55 15-350 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 8 hours, 


TasLe I.—9-8 Grammes H,SO, per Litre. Temperature, 18° C. 


Durationlot Teste Volume of Hydrogen, at 0° C., 
Diffused. 
Hours. Minutes, O.c. 
2 20 0-63 
4 20 2-10 
5 5 2°71 
6 15 3:70 
12 20 10-69 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 6 hours 36 minutes, 
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TaBLE III.—37-0 Grammes H,SO, per Litre. Temperature, 18° C. 


Duration of Test. 


Volume of Hydrogen, at 0° O., 
Diffused. 


Hours. 
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Minutes. 
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Kstimated time for the diffusion of 4 cubic centimetres of 


TaBLE II[a.—108 Grammes H,SO, per Litre. 


hydrogen, 3 hours 30 minutes. 


Duration of Test. 


Volume of Hydrogen, at 0° O., 
Diffused. 


Hours. Minutes. C.c. 
1 30 2-02 
2 45 5-52 
3 22 7-78 
3} 45 9-04 
4 20 12-05 


Temperature, 18° C 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 2 hours 12 minutes. 


TaBLE IV.—184 Grammes H,SO, per Litre. Temperature, 18° C. 


P Volume of Hydrogen, at 0° O. 
Duration of Test. Diffused. ? ? 


Hours. Minutes. C.c. 
2 0 4-47 
3 0 9-52 
3 30 12°47 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 48 minutes. 


TABLE V.—282 Grammes H,SO, per Intre. Temperature, 18° C. 


Duration of Test. Wolumoict wage at 0° 0. 
Hours, Minutes. O.c. 
1 0 1-57 
2 0 6-18 
2 30 9-39 
3 0 13-57 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 30 minutes. 
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Taste VI—381 Grammes H,SO, per Litre. Temperature, 18° C. 


oO 
Duration of Test. clone of a et coke 
: utes. C.c. 
abt EEE 1-81 
1 30 4-41 
2 0 7-41 
2 30 11°35 
2 40 12-66 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 24 minutes. 


Tape VII.—571-5 Grammes H,SO, per Litre. Temperature, 18° C. 


Oo 
Darationtol Test. Volume of Hy arog es at 0° O., 


Hours. Minutes. O.c. 
lt 30 5-89 
1 47 7:93 
2 5 10-19 
2 20 12-19 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 6 minutes. 


TaBLe VIII.—762 Grammes H,SO, per Litre. 


In this case there were 2-75 cubic centimetres of hydrogen diffused at the end 
of 1 hour 15 minutes, but the rate of acid attack had sensibly decreased before 
that time, and afterwards ceased altogether. 

There was no perceptible action with another test in which 950 grammes of 
sulphuric acid were present per litre. 


The expression for the curve in Fig. 10 is: 


Y = 4167 


where y = the time in hours for the diffusion of 4 cubic centimetres of hydrogen; 
x = the acidity in grammes per litre of H,SO, ; 
and C= a constant which for the curve in question is 15-55, 


It may be of interest to note that curves of the same type are 
obtained by plotting the times required for the diffusion of any 
particular volume of hydrogen against acidity. The only difference 


MILD STEEL AND DIFFUSION OF HYDROGEN THROUGH METAL. 23 


in the above expression for the various curves obtained in this 
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TIME IN HOURS FOR DIFFUSION OF 4CC HYDROGEN. 


i ACID H2S04 
100 200 300 400 500 600 


Fira. 10. 


way is that the value of the constant C changes. These changes 
in the value of C can be found from the following equation : 


y = 20°5688 x 6-998 + 0-0012723. 


INFLUENCE OF VARYING TEMPERATURES ON THE RATE OF DiFFU- 
SION WHEN Usine Normat H,S8O, Soxution, 4:9 GRAMMES 
PER LITRE. 


The same kind of sheets were used for this series of tests as 
for those just described. The results are given in Tables IX. to 
~XIV., and the estimated times for the diffusion of 4 cubic centi- 
metres of hydrogen are plotted against the corresponding 
temperatures in Fig. 11. It will be observed that the points lie 
very close to a perfectly smooth curve, the expression for which is: 
= = + 0-0042 

where y = the time in hours, 

and a = the temperature. 
That is, the time required for the diffusion of a given volume of 
hydrogen is practically inversely proportional to the temperature. 
In considering these results as they stand, it is of some 
importance to remember that the curve does not simply repre- 
sent the diffusibility of hydrogen through the steel at different 
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temperatures. There is clearly another variable included which 
must have a substantial influence upon the results. For example, 
the rate at which the metal dissolves must increase rapidly with 
the temperature, and, therefore, the quantity of hydrogen generated 
per unit of time must also vary to the same extent. There is 
every reason to suppose that the rate of hydrogen diffusion is not 
only governed by temperature itself, but also by the rate at which 
the hydrogen is generated upon the surface of the metal upon 
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which the acid is acting. It was not possible, in this series of 
experiments, to make a reliable separation of these two variables, 
but a special attempt was made later with this object in view. 


SERIES oF Tests Usinc Normat SuntpHurtc AcID AT 
VARYING TEMPERATURES. 


TaBLe [X.—Temperature, 3+5° C. 


Duration of Test, 


Volume of Hydrogen, at 0° O., 
Diffused. 


Hours, Minutes, 
3 0 
5 0 
7 0 
9 30 


O.c. 
0-52 
1-55 
3-06 
5-08 


Estimated time for the diffusion of 4 cubic centimetres of 
~ hydrogen, 8 hours 12 minutes. 


aie iat atm 
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TaBLE X.—Temperature, 12° O. 


Duration of Test. Volume of amo iee at 0° O., 
Hours. Minutes. (OKs 
0 30 0-165 
i 15 1-05 
1 45 2-14 
2 25 4-03 
2 45 5:09 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 2 hours 24 minutes. 


TaBLE XI.—Temperature, 25° C. 


Duration of Test. Vesna: set ee 
Hours. Minutes. C.c. 
0 45 1:32 
1 0 2°42 
1 15 3-68 
1 30 5-14 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 19 minutes. 


TaBLE XII.—Temperature, 50° C. 


Duration of Test. Volume of By oreeee at 0° O., 
Hours. Minutes. Oie: 
0 15) 1-58 
0 20 2-75 
0 25 4-19 
0 30 5-65 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 24 minutes. 


TaBLE XITI.—Temperature, 75° C. 


Duration of Test. Volume of ee at 0° ©., 
Hours. Minutes, Cres 
) 5 1-20 
0 8 2°87 
0 10 4-09 
0 12 6-11 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 9-5 minutes. 


25 
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TaBLE XIV.—Temperature, 100° C. 


o 
Mmaritionvolilests Volume of eabed eS at 0° O., 


Hours. Minutes. O.c. 
0 3 1-135 
0 4 2-35 
0 5 3°15 
0 6 3-89 
0 Ti 4-4] 


Estimated fe for the diffusion of 4 cubic centimetres of 
hydrogen, 6-1 minutes. 


EXPERIMENTS WITH HyDROCHLORIC AND SULPHURIC 
Acips OF VARYING STRENGTHS AT 50° C, 


The same kind of sheets were used for these series as for those 
previously described. ‘The results obtained with hydrochloric 
acid solutions are given in Tables XV. to XXII, and those 
with sulphuric acid solutions in Tables XXIII. to XXX. For 


N HCL OF vanvine-sTRcN AT-56°C 
EXPRESSED IN TERMS OF H250s PER LITRE 


- 500: €00 


TIME IN HOURS FOR DIFFUSION OF 4C.C, HYDROGEN. 
x 


0 300 400 
GRAMMES H.S0sPER LITRE 
Fra. 12. 


the purpose of comparison, the estimated times for the diffusion 
of 4 cubic centimetres of hydrogen for both series have been 
plotted on the same chart, Fig. 12. The acidities for the hydro- 
chlorie acid solutions have been calculated to, and plotted in, 
terms of grammes H,SO, per litre... From a glance at these 
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curves, it will be noticed that the rate of diffusion is considerably 
quicker when sulphuric acid solutions are used than when hydro- 
chloric acid solutions of corresponding acidities are employed. 
Here again, however, it is necessary to state that no account is 
taken in these curves of any difference in the rate at which the 
iron may be dissolved by the two kinds of solutions. 


Serres oF Tests wit SxHunts 0-005 Inon TuroK, usina 
Hyprocutorio Acip Sontutions at 50° C. 


TaBLE XV.—1-94 Grammes HCl per Litre. 


Duration of Test, protest pe resen, Ditied, 
Hours, Minutes, O.c. 
1 0 0-046 
2 0 0:17 
3 30 0:46 
4 50 0:76 
8 40 2-40 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 11 hours 12 minutes. 


TaBLE XVI.—3-87 Grammes HCl per Litre. 


Duration of Test. Aeetapsstealt da cena 
Hours. Minutes. C.c. 
1 5 1-26 
1 30 2-50 
2 30 5-55 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 2 hours 6 minutes. 


Taste XVII.—9-32 Grammes HCl per Latre. 


Estimated time for the diffusion of 4 cubic centimetres of 


Duration of Test. Se oe Hydrogen Ti aued, 
Hours. Minutes. O.c. 
0 30 0-203 
1 0 1-09 
1 =. 30 3 67 
1 45 3°76 


hydrogen, 1 hour 47 minutes. 
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Taste XVIII.—18-64 Grammes HOI per Litre. 


f Hydro Diffused, 
Duration of Test. a ieOnlaniated 0° C. 
Hours. Minutes. } C.c. 
0 30 0:64 
| il 15 6-21 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 8 minutes. 


TABLE XIX.—25-8 Grammes HCl per Litre. 


Duration of Test. Sr ee 
Hours. Minutes. C.c. : 
0 30 0-44 ; 
) 45 1-23 : 
1 0 2-57 4 
il 15 4-18 : 
1 45 7-25 | 
2 15 10:47 
4 
; 
Estimated time for the diffusion of 4 cubic centimetres of F 
hydrogen, 1 hour 13 minutes. . 
) 
j 
TaBLE XX.—36-5 Grammes HCI per Litre. | 
{ 
; Volume of Hydr Diffused. 
Duration of Test. Gatcataes ao 0° Cuan | 
Hours. Minutes. C.c. 
0 = 30 0-60 
0 45 1-73 
1 0 3°21 
1 15 6-80 
1 30 8-74 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 4 minutes. 
. 
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hed 


TasLE XXI.—97-1 Grammes HCl per Litre. 


Duration of Test. Ad A A ae sce 
Hours. Minutes. Otc. 
0 30 0:48 
0 45° 1-28 
i 0 2-69 
4) 15 4-79 
1 30 ent 
1 45 10-00 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 10 minutes. 


TaBLteE XXII.—185-8 Grammes HCl per Litre. 


: Volume of Hydrogen Diffused, 
Duration of Test. Calculated to 0° C. 
| Hours. Minutes. C.0. 
0 30 1-09 
0 45 2-84 
0 50 3°32 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 54 minutes. 


Series oF Tests with SHeets 0-005 Incu Tuick, usina 
SuLpHuRiIc Acip Sonurions at 50° C. 


TABLE XXIII.—4:88 Grammes H,SO, per Litre. 


Volume of Hydrogen Diffused, 


Duration of Test, Calculated to 0° 0. 


Hours. Minutes. O.c. 
0 30 0-90 
0 45 2-58 | 
0 55 3°70 
1 0 4-25 
iE 10 5-38. 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 57 minutes. 
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TaBLE XXIV.—9-76 Grammes H,SO, per Litre. 


f Diffused 
Duration of Test. SR ae 0. u 
Hours. Minutes. C.c. 
0 15 0:14 
0 50 | 5-56 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 45 minutes. 


TABLE XXV.—18-5 Grammes H,SO, per Lntre. 


Duration of Test. oa lk eg ins eds; 
Hours. Minutes. C.c. 

0 10 0-07 

0 20 0:78 

0 30 2-05 

0 40 3°50 

0 50 5:23 

1 0 7°15 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 43 minutes. 


TABLE XXVI.—37-0 Grammes H,SO, per Lntre. 


Duration of Test. Mee Ree Se rae 
Hours Minutes C.c. 
0 10 0-20 
0 26 3°05 
0 31 4-22 
0 37 5-54 
0 45 7°25 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 30 minutes. 


TaBLE XXVII.—90-6 Grammes H,SO, per Litre. 


* Volume of Hydro i 
Duration of Test. pier wie pogyie oe 2 
Hours. Minutes C.c. 
0 10 0-49 
0 20 2-59 
0 30 5-71 
0 40 8-98 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 25 minutes. 
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TaBLE XXVIII.—184-0 Grammes H,SO, per Litre. 


Volume of Hydrogen Diffused, 


Duration of Test. Calculated to 0° O. 


Minutes. C.c. 


Hours. 
0 5 0-26 
0 10 1:23 
0 15 2°75 
0 20 4-58 
0 25 6-51 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 18-5 minutes. 


TaBLE XXIX.—282-0 Grammes H,SO, per Litre. 


Volume of Hydrogen Diffused, 


Duration of Test. Calculated to 0° O. 


Hours. 


Minutes, C.c. 

0 0-28 

0 10 1-52 

0 15 3-80 
0 20 6:46 

0 25 9-27 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 15-5 minutes. 


TaBLE XXX.—381-0 Grammes H,SO, per Lire. 


Duration of Test. Oe ata ; 
Hours. Minutes. C.c. 
Fs 0-85 
0 10 2°97 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 12 minutes, 
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Normat Hyprocutoric Acip at TEMPERATURES BETWEEN 


0° anp 100°C. Suzets 0-005 Inco Tuicx. 


The detailed results for this series are given in Tables XXXI. 
to XXXVIL., and the times taken for the diffusion of 4 cubic 
centimetres of hydrogen are plotted against temperature in 
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Fig. 18. The points lie very close to a smooth curve, which 
may be approximately expressed as follows : 


y= +0. 0092 


where y = the time in hours, 
and «x = the temperature in degrees centigrade. 


It is interesting to note that on comparing the results of this 
series of experiments with those obtained with normal sulphuric 
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acid at corresponding temperatures (see Fig. 10), there is a similar 
difference in the rate of diffusion, as was observed for the two 
series of experiments that were made at 50° C., when using HCl 
and H,SO, solutions of varying acidities (see We. 12). Thus it 
would seem that the rate at which hydrogen will diffuse through 
steel is greater when the gas is generated, on the surface of the 
metal, from sulphuric acid solutions than from solutions of 
hydrochloric acid. This rather interesting observation holds 
good for all temperatures and acidities. This seems to be a 
remarkable fact, for it is scarcely in the direction that would 
have been anticipated. At first it was thought that it might be 
due to the presence of traces of free chlorine in the hydrochloric 
acid solutions acting as an oxidising agent o on some of the hydrogen 
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Normat Hyprocutoric Actp At TEMPERATURES 
0 Sanpsl00°-+C. 


TaBLE XXXI.—Temperature, 0° C. 


Duration of Test. 


Volume of Hydrogen Diffused, 
Calculated to 0° C. 


Minutes 
16 0 
18 0 
21 0 
2 0 
26 0 


Cc. 

+46 
“OL 
64 
-26 


9 
o 


mwroreo 


BETWEEN 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 25 hours, 


TaBLE XXXII.—Temperature, 10° C. | 


Duration of Test. 


Volume of Hydrogen Diffused, 
Calculated to 0° O, 


Hours. Minutes. 


5 15 
16 20 
17 45 


Kc 
td} 


oOOraG 
ase 


3) 
“4 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 9 hours 45 minutes. 


TaBLE XXXIII.—Temperature, 20° C. 


Duration of Test. 


Volume of Hydrogen Diffused, 
Calculated to 0° 0. 


Hours. Minutes. 
3 0 
zt 30 
5 30 
6 30 


C.c. 
1-21 
2:91 
4-22 
5:89 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 5 hours 20 minutes. 


1924—i. 
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Tapte XXXIV.—Temperature, 40° C. 


f Hyd Diffused, 
Duration of Test. Mae Bivedie oF 0. 
Hours. Minutes. : C.c. 
) 45 0-898 
1 15 1:62 
1 30 2-62 
1 45 3:81 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 48 minutes. 


TABLE XXXV.—Temperature, 50° C. 


Volume of Hydrogen Diffused, 


Duration of Test. Calculated to 0° O: 


Hours. Minutes, 


| 

| C.c. 
0 30 0-60 
0 45 1-73 
1 0 | 3-21 
1 15 | 6-80 
i 30 8-74 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 1 hour 4 minutes. 


TaBLE XXXVI.—Temperature, 75° C. 


i Volume of 7 i 
Duration of Test. Gales TE Ca 
Hours. Minutes. C.c. 
0 10 0:56 
0 20 9-35. 
0 30 5-13 
0 37 7-22 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 26 minutes. 
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TaBLe XXXVII.—Temperature, 100° C. 


Duration of Test. Se cn i 
Hours. Minutes. C.e. 
| 0 1:74 
| 0 of 3°27 
0 9 4-69 
| 0 11 6-01 
0 13 TEOMA 
0 15 | 8-17 


Estimated time for the diffusion of 4 cubic centimetres of 
hydrogen, 8 minutes, . 


at the moment of its liberation on the surface of the metal, but it 
must be admitted that there were no real reasons for suspecting 
free chlorine could be present. In order to eliminate the possi- 
bility of free chlorine being present, and with the object of getting 
more light on this side of the question, some further experiments 
were made. It was thought that free chlorine could be guarded 
against, and still get a more clear idea of the cause of the dif- 
ferences just noted, by not using hydrochloric acid at all. For 
example, if the decreased rate of diffusion when using hydro- 
chloric acid solutions was due simply to the presence of chlorine 
ions in solution, then some indication of this should be obtained 
by introducing sodium chloride to a solution of pure sulphuric 
- acid in water. ‘To test this, some of the same sheets as previously 
employed were taken, and examined in the usual manner ; in the 
first case 100 cubic centimetres of pure sulphuric acid solution, 
containing 108 grammes H,SO, per litre, was used; in the 
second test a similar quantity of the same acid was used, but to 
this was added 1 gramme of sodium chloride ; and in the third 
case the same amount of acid was used, but in this instance 
5 grammes of sodium chloride were added. ‘The results are given 
in the following tables : 


Taste XXXVIII.—Pure Sulphuric Acid Solution containing 
108 Grammes H,SO, per Litre. Temperature, 18° C. 


Time. Volume of Hydrogen Diffused. 


Hours. Minutes. 


C.c. 
0 30 4-08 


0 50 8-99 
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Tapne XXXIX.—Same Solution as above, with 1 Gramme of 
Sodium Chloride added to 100 c.c. Temperature, 18° C. 


Time. 


Volume of Hydrogen Diffused. 


Hours. 
1 
i 
1 


Minutes, 
0 


15 


30 


(Ss) 


Ce 


€ 


loon 


‘0 
8 
3 


bo 00 


1 


Taste XL.—Similar Solution to which 5 Grammes of Sodium 
Chloride had been added to 100 c.c. Temperature, 18° C. 


Time. Volume of Hydrogen Diffused. 
Hours. Minutes, O.c. 
1 0 2-09 
1 15 4-21 
1 30 6-49 
1 45 11-38 


From the above results it is quite clear that the presence 
of sodium chloride in solution definitely decreases the rate of 
hydrogen diffusion. The author is not prepared to suggest how 
this is brought about, but intends to carry out experiments with 
this in view. 


Tam INFLUENCE OF THE THICKNESS oF METAL ON THE 
Rate or Dirrusion. 


At this stage it may be useful to consider a series of experi- 
ments that were made with the object of determining the influence 
of varying the thickness of the metal upon the rate of diffusion. 
As it was desired to make tests with a wide range of thicknesses, 
it was important to standardise the conditions, so as to ensure 
getting comparative data. Accordingly, it was decided to use 
the same temperature in each case, and determine the volume of 
hydrogen that diffused through the metal in a given time. By 
adopting a standard time and the same temperature and acidity, 
it could be assumed that the rate at which the iron was dissolved, 
and therefore the hydrogen liberated, was the same in all cases. 
All the samples were very low carbon steels, but they were not 
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from the same cast, and consequently there were, no doubt, 
slight differences in their chemical composition. It was thought, 
however, that these differences would not be sufficient to have a 
serious effect upon the results. 

Since it was impossible, at the outset, to decide what would 
be the most suitable period over which to carry the tests, inter- 
mittent observation of the volume of hydrogen diffused were 
made, and graphs were plotted from these data. From these 
curves the volume of hydrogen diffused for any particular time 
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could be estimated. A period of thirty hours was ultimately 
chosen. The results are recorded in the following table, and 
plotted in Fig. 14. In each experiment 800 cubic centimetres 
of solution containing 20 per cent. H,SO, was used. 


TaBLe XLI. 
Thickness of Metal. om hiety Hours. alter 

Mm, O.c. 

0-483 9-0 

1-588 3-16 

3°175 1-60 

6-35 0-52 

20-45 0-059 
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The values obtained lie on a very smooth curve, which can 


be approximately expressed as follows : 

where y is the volume in cubic centimetres, and « the thickness 
of the steel in millimetres, or the volume of hydrogen diffused is, 
for all practical purposes, ‘inversely proportional to the thickness 


of the metal. 


SuRFACE OXIDE ON THE SHEET. 


Earlier in the paper it was stated that there were reasons for 
believing the rate of hydrogen diffusion through steel was affected 
by the presence of a coating of oxide on the surface of the metal. 
During the early stages of the investigation it was not possible to 
make anything in the nature of quantitative tests in this direction, 
and to avoid any irregularities being introduced into the results 
from this cause, special care was taken to ensure that the character 
of the surface was the same. Later, however, it became possible 
to make some experiments with this variable in mind. To do 
this, outside sheets from hot-rolled bundles of 0-005 inch thick 
sheets were selected. Naturally, the outer surfaces of such sheets 
were covered with a compact layer of black oxide of iron. When 
a bundle of sheets is sheared and opened the film of oxide, 
between each, almost invariably adheres to one sheet, leaving the 
other absolutely clean, and showing a bright metallic surface. 
Knowing this, it was possible to get outside sheets from which 
the oxide had been entirely removed from the inner surface SNE 
its sticking to the neighbouring sheet. 

All the results obtained were so similar that it is only necessary 
to give those from one pair of tests. In both, the sample was cut 
from the same sheet, but in one it was placed in the apparatus in 
such a way as to have the acid attacking the clean surface, whilst 


in the other the oxide surface was attacked. The results are 
given below : 


Sheet with the Oxide Surface in Contact with the Acid. 
j 


Time. Volume of Hydrogen Diffused. 
Hours, Minutes, C.e 
1 20 1-53 
2 0 3°31 
2 15 4-09 


ee ee en ee eens Se ea 


MILD STEEL AND DIFFUSION OF HYDROGEN THROUGH METAL. 89 


Sheet with Clean Surface in Contact with the Acid. 


Time. | Volume of Hydrogen Diffused. 
| Hours. Minutes Sarre 7 
1 20 1-20 
2 0 2-51 
2 100 | 3°07 


From the above figures it will be seen that the passage of 
hydrogen through the metal is substantially quicker when the 
oxidised surface is acted upon. The author is not at present able 
to give a definite explanation of these facts. There are no doubt 
numerous ways of explaining them, amongst which may be 
mentioned : (a) The surface of the metal below the oxide coating 
may be more irregular than an inside surface, which would mean 
that the surface area in contact with the acid would be larger 
in the former than in the latter. (b) The presence of undissolved 
oxide of iron might set up a galvanic action, and thus cause the 
iron to go into solution more rapidly than if no oxide were present. — 
(c) The presence of oxide might cause the hydrogen to be liberated 
in more intimate contact with the metal, and thus allow more 
opportunity for the gas to enter and pass through the sample. 


INFLUENCE oF TEMPERATURE ON THE RATE OF SOLUTION 
oF [Ron. 


At this stage it was decided to make careful observations of 
the effect of temperature on the rate at which iron is dissolved 
in acid solutions, and at the same time correlate these with the, 
diffusibility of hydrogen. In this way it was hoped to obtain 
useful data, from a practical point of view, which would form 
the base line from which to commence a study of possible means 
of preventing, or at least controlling, this diffusion. For this 
purpose it was necessary to start with sheets with one surface 
quite free from oxide. By having this surface in contact with 
the acid it was possible to make accurate determinations of the 
amount of iron dissolved during each test, then ealculate the 
amount of hydrogen generated, and thus judge the amount of 
hydrogen diffused in relation to the quantity generated. Even 
when these precautions are taken, it must be confessed that there 
ig still another variable factor which is not accounted for. For 


40 EDWARDS! PICKLING ; OR, ACTION OF ACID SOLUTIONS ON 


example, by adopting a standard time, which in the present 
instance was ten minutes, and varying the temperature, the 
quantity of iron dissolved varies, and consequently the thickness 
of the sheet changes during the test, but these changes are not 
of the same degree for different temperatures. From a practical 
point of view this, however, need not be considered, for precisely 
the same kind of variations prevail in ordinary pickling. 

The important results are recorded in Table XLII. and 
plotted in Fig. 15. From curve a, which represents the amount 
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A = Iron dissolved. 
B = Volume of hydrogen diffused. 


Fig. 15. 


of iron dissolved at the different temperatures, it will be seen 
that this increases with the temperature. The same curve with 
different values for the vertical ordinates also represents the rate 
at which hydrogen is liberated. In the case of iron the curve can 
be expressed in the following form : 


5 
Iron x 1010 = 5 + 0-0014 (x — 48). 


The curve b, for the volume of hydrogen diffused through 
the steel, is : 


* . . PRS 
Volume in cubic centimetres x 1014 = z 


In both cases, # corresponds with the temperature. 
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This series of experiments not only quite clearly show the 
effect of temperature on the rate at which the iron is dissolved, 
and the rate hydrogen is diffused, but they can be used for the 
purpose of calculating the percentage of hydrogen which passes 
through the metal. This has been done, and the figures are given 
in the last column of Table XLII., where it will be noted that the 


TABLE XLII. 


Vol ig] o or 
Temperatore | Yairen Mires eal Co eA haart 
ahr Diffused. Dissolved. of Iron. Diffused. 
C.c. Qrm. C.c, 
96-0 4:87 0-426 170-0 2°87 
90-5 2-90 0:352 139°8 2°07 
84-0 1-74 0-262 104-1 1:67 
75-0 0-844 0-158 62-9 1-34 
61-0 0-147 0-0588 23-4 0-625 
55-0 0-067 0-0294 11-68 0:577 
50-5 0-088 0:0182 7°23 1:23 


percentage of hydrogen that diffuses steadily decreases with the 
temperature down to, say, 55° C., when it is only one-fifth of the 
percentage which goes through at 96°. 

A number of miscellaneous experiments have been made with 
the object of making a general survey of the influence of the 
addition of colloids to the acid, upon the rate of solution of the 
iron, and the diffusion of hydrogen. Others have been made with 
additions of different oxidising reagents to the acid solutions, and 
it has been found possible to prevent the diffusion of hydrogen 
in this way. These preliminary observations are now being 
extended, and it is hoped to have the results ready for publication 
at an early date. 


DirFusION OF HypROGEN THROUGH A SINGLE CRYSTAL 
oF Iron. 


Many investigators who have worked on the embrittling of 
iron by hydrogen have been inclined to the view that this 
embrittling is to a large extent due to a marked difference in the 
solubility of the gas in the amorphous cement, which is supposed 
to exist at the crystal boundaries, and the crystalline material 
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itself, see J. H. Andrew? and others. Indeed, it has been 
thought that the gas is only soluble to a very limited extent in 
the crystalline phase. Whether this be the case or not the author 
is unable to say ; but if it be, he would be inclined to expect that 
the rate of diffusion of the gas would be affected to an appreciable 
degree by any large variation in the size of the crystals within the 
metal. In order to test whether this was the case, the author took 
one of the specimens recently made by Mr. Pfeil and himself,“ 
which contained a crystal 14 inch diameter and going right 
through the strip of ;4; inch thick. Another portion of the same 
specimen was refined by heating to above the A8 change, and 
thus made finely crystalline. Both pieces were tested in a special 
small apparatus like that illustrated in Fig. 9, and each experi- 
ment was made with acid of the same strength and at the same 
temperature. It was found that the hydrogen passed through 
the single crystal, and no difference in the rate of diffusion could 
be detected in the two experiments. 


GENERAL SUMMARY. 


From the experiments described in the present paper the 
general conclusions that can be drawn may be briefly summarised 
as follows : : 

1. Cailletet’s discovery that hydrogen which is being developed 
by acid attack upon iron and steel can enter and pass through the 
metal has been confirmed. 

2. The presence of an inclusion such as oxide of iron will 
cause the hydrogen, which enters the metal in the atomic state, 
to be liberated at and around the inclusion in the molecular 
condition. ‘The amount of hydrogen which accumulates at such 
inclusions is a function of the duration of pickling, the distance 
of the inclusion from the surface that is being acted upon by 
the acid, the strength of the acid used, and the temperature ; it 
increases with the time, temperature, and acidity, but is in- 
versely proportional with the distance. It is believed that other 
impurities and constituents, such as sulphide of manganese and 
carbide of iron, behave in the same way as oxide of iron, but it 
has not yet been found possible to make réliable experiments 
whereby this view could be definitely tested. It has, however, 
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been shown that collodion and enamel will cause the liberation 
of hydrogen which has entered iron during pickling. 

3. A simple apparatus has been devised with which it has 
been possible to make quantitative measurements of the rate: at 
which hydrogen diffuses through iron and steel under varying 
conditions of acidity and temperature. | 


(a) The influence of acidity, when using sulphuric and hydro- 
chloric acids in water, upon the rate of hydrogen diffusion 
has been determined. 

(b) The rates of hydrogen diffusion, when using normal 
solutions of sulphuric acid, between 0° and 100° C., 
have also been determined. 

(c) The effects of temperature, when using normal sulphuric 
acid, on the rate of solution of iron have been ex- 
amined, and these have been correlated with the rates 
of hydrogen diffusion. | 

(d) It has been found that, other things being equal, the rate 
at which hydrogen diffuses through mild steel is inversely 
proportional to the thickness of the metal. 


4, When dealing with thin sheets of steel it has been found 
that the presence or absence of a film of oxide of iron upon the 
surface has a marked effect on the rate at which hydrogen passes 
through the metal. 

5. Experiments have been made with specimens of metal 
containing only one crystal in the area acted upon by the acid, 
and it was found that the hydrogen passed through this quite 
readily. Indeed, no difference in the rate of diffusion could be 
detected under these conditions as compared with specimens 
containing the usual small crystals. 

6. The diffusion of hydrogen can be prevented by electrolytic 
pickling and by using suitable oxidising reagents in the acid. 
A certain amount of work has been done in this direction, and 
it is now being systematically extended. 


/ 
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DISCUSSION. 


Mr. J. H. Wurretey (Saltburn), in opening the discussion, said 
there was one line of investigation in the very interesting research 
described by the author which he did not seem to have followed up, 
but which, he thought, ought to yield some important information. 
If hydrogen in the molecular state could collect at points within the 
metal in sufficient quantity to give rise to comparatively large blisters, 
it should be possible to find evidence in that direction by careful 
examination under the microscope at high magnification, because, 
to make room for itself, the hydrogen must effect a separation between 
the various particles and the ferrite, with the result that small cavities 
containing the gas would be formed. It might take some considerable 
amount of work to find those cavities, and probably a large number of 
sections would have to be examined ; yet in that way one might get to 
know definitely whether it was silicate or carbide or some other substance 
that prevented the passing of the ionic hydrogen through the metal, 
as the author suggested. The author referred several times to the 
embrittling action of hydrogen, and in that connection he desired to 
refer to a case, which came under his notice a short time ago, of a mild 
steel plate 1 inch thick which had been sent out for the purpose of 
making some sort of an oil-press. When it left the works it had a 
tensile strength of about 274 tons per square inch and an elongation 
of about 30 percent. It came back, after a little while, in an extremely 
brittle condition ; in fact, it could be broken with a sledge-hammer, 
_and on testing it was then found to have a tensile strength of 40 tons 
per square inch and an elongation of 4 per cent. There was nothing 
to been seen under the microscope to account for that change ; in fact, 
it was quite clear that the piece had not been heated above Al,. Its 
original pearlitic structure was still present. He found further that 
by normalising the steel its original ductile condition could be com- 
pletely restored. A tensile strength of 275 tons and an elongation of 
30 per cent. were again obtained. Now, it was plain, from the appear- 
ance of the surface, that the piece had been pickled and an attempt 
made to galvanise it. He was so interested in the specimen that he 
determined to ascertain its hydrogen content. In order to do so he 
cut cylinders weighing about 100 grammes, heated them in dry air 
at 950° C. for an hour or more, and weighed the water formed—that 
treatment, of course, restoring the ductility of the steel. Several tests 
were made, and in no instance did the amount of hydrogen liberated 
exceed 0-001 per cent. In order to make quite certain of getting all 
the hydrogen he then drilled the cylinders, and burned the drillings 
in oxygen, weighing the further amount of water formed. The total 
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from the two heatings then amounted to 0-004 per cent. _ Apparently 
there was a compound present containing hydrogen which had not 
decomposed in the first heating. He thought the members would agree 
that that was a very small amount of hydrogen to cause such marked 
brittleness, and he would suggest that possibly, under certain conditions, 
it was the passage of hydrogen through the metal rather than its 
presence in the metal which might account for the extreme brittleness 
that was sometimes produced. 


Mr. E. F. Law (London) believed he was right in saying that it was 
something like eighteen years since the subject of pickling had been 
discussed by members of the Institute, and they were therefore most 
grateful to the author for introducing a subject which was of very 
real importance to at any rate a section of the iron and steel industry. 
On a most conservative estimate (because it was impossible to get 
exact figures) there would be employed in the tinplate industry in 
South Wales alone at least 2500 tons of sulphuric acid per annum, and 
over 4000 tons of steel were dissolved. If the galvanising trade were 
also borne in mind it would be appreciated that the process was a very 
important one, and that any economies which could be effected would 
be very valuable to those industries. Personally, he did not think the 
author’s theory of the formation of blisters would quite hold water. 
He understood that, according to the author’s theory, the hydrogen 
penetrated the steel until it met with some obstruction, and then, it 
began to accumulate in what was described as a molecular form and 
caused a blister. If that happened in the case of an oxide inclusion, it 
would surely happen with other inclusions—in fact, the author said, with 
regard to manganese sulphide, on p. 17: “It is, therefore, impossible 
to say with any degree of finality that this constituent (carbide of iron), 


or manganese sulphide, will, or will not, behave like oxide inclusions, - 


but the author is very much inclined to believe it will.” The fact 
remained that it did not. If it did, every tin plate manufactured 
would have blisters, because there was manganese sulphide in every 
plate. He hoped the author would be able to explain that point, 
because personally he admitted he found it rather incomprehensible. 
If the author went into the subject a little more fully, as he was certain 
he would, he thought he would come to the conclusion that the for- 
mation of peppery blisters was due to the reduction of oxide. It was 
many years ago since he (Mr. Law) had expressed that view, and he 
would gladly withdraw it if he heard any reason against it. Up to 
the present he was, however, unrepentant. 


Mr.C. H. RrpspaxE (Middlesbrough) said theauthor hadendeavoured 
to locate the type of material which acted as an obstacle to the passage 
of hydrogen, and also the conditions of time, temperature, acid, and 
so on, under which hydrogen diffused through steel, and had referred 
to some work that he (Mr. Ridsdale) did many years ago. He thought 
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the facts he then found still held good. In the first place, although 
he was not then very much concerned with the more theoretical side 
of the subject, he had formed the conclusion that the blistering was 
not necessarily due either to oxide or to any other material obstacle, 
but that it might in some cases be simply due to a microscopic porosity 
or lamination of the steel. He said “ microscopic,” because in one of 
the papers he wrote he gave the size which a porosity, such as might 
produce a pepper blister, would have to be, namely, 0-0000076 square 
inch area, equal to 4,th of an inch diameter.1 It could not be called 
a blowhole. He did not have the opportunity then of going into the 
subject in the systematic way in which the author had done, because 
he was concerned only with the commercial point of view, and all his 
experiments were conducted in works under practical working con- 
ditions. The temperatures of the acid used were something like 
185° to 200° F., and the strength of the acid (which was generally 
sulphuric) was one part of acid to three parts of water, except in the 
case of white pickling, in which it was rather weaker. One of the 
foremen at the works had first demonstrated to him one cause that 
produced blisters. He told his foreman that he felt certain that 
pickling for too long a time would produce blisters—a statement which 
the foreman confirmed, saying that if some plates that were first 
properly pickled were put back into the pickling bath for a few extra 
minutes, pepper blisters would be produced. That was proved by actual 
experiment. Finally, he experimented with a dozen plates produced 
under various conditions; each sheet was first perfectly pickled, 
then one-half was dropped into the bath and pickled longer. On 
this half pepper blisters were raised, there being a distinct line of 
demarcation between the good part and that with fine pepper blisters on 
it. The question then arose, ‘‘ What were the conditions of manufacture 
which facilitated such a result?” and his attention was very soon 
directed to the question of oxidation, heating for too long a time, and 
overheating. One of the experiments tried was overheating the bars 
for various times—for instance, the unit time, the normal unit and 
a quarter, the unit and three-quarters, and twice as long. Pieces 
of the same bar were used in all the experiments. Finally, the tin- 
plates were sorted out at the various stages, and the percentage of 
blisters noted. Speaking broadly, it was found that the bars which 
had been heated too long always gave a larger proportion of pepper 

blisters. The same results were obtained if sheets by any means 
received more exposure to oxygen whilst hot, such as, for instance, 
the outside sheets of the pack to which the author referred, and slightly 
aired sheets out of annealing boxes. To sum the whole question up, 
the conclusion to which he came was that, in ordinary working, steel 
had about as much as it could bear in the various forms of treatment 
it received, and the moment it was given a little more acid, a little 


1 “ Diseases of Steel,” Journal of the Iron and Steel Institute, 1908, No. Vi 
p- 260. z 
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more heat, or a little more of any of the treatments to which it was 
subjected, blisters were obtained. One of the most interesting points 
referred to by the author was the question of adding oxidising or other 
agents to the bath to prevent blistering. He did not know to what 
agents the author referred in that connection, as, for instance, whether 
he referred to a substance which was called “ Pickelette,’ which 
undoubtedly reduced the quantity of metal attacked and the amount 
of hydrogen absorbed by the metal. Personally, he had used that 
substance for scientific work in which he desired to attack the scale or 
oxide in steel but not dissolve the metal, and not get large transmission 
of hydrogen, and in certain scientific work of that kind he found it 
very useful. He hoped on a future occasion he would have an oppor- 
tunity of saying more on that subject, as he had found it useful 
in various investigations. He would like to know whether the author 
had tried that substance to reduce blisters, &c., in his experiments. 


Dr. WALTER RosENnHAIN, F.R.S. (National Physical Laboratory), 
said he had read the paper with special interest, because it was a study 
of a subject which was decidedly obscure, and, although he was not 
altogether satisfied that the author had established his theory, it had led 
him to carry out some interesting experiments, which was more than 
could be said for some theories. There were only two points he desired 
to raise. The first related to the subject of diffusion, of what all the 
previous speakers had referred to as hydrogen. Strictly speaking, it 
ought to be called hydrogen ions; consequently, it was in a very 
different condition from ordinary hydrogen, which did not diffuse even 
through thin steel at the ordinary temperature. He did not think 
anyone was able to say at present exactly how the hydrogen ion found 
its way through the space lattice of the iron crystal ; he was presuming 
that it did go through the body of the crystal. It was known that 
minute atoms could go through the space lattices of crystals, so that 
it was not altogether surprising that the hydrogen atom should do so 
in the present instance. The author had drawn what he (Dr. Rosenhain) 
thought was an ingenious diagram of a number of dots representing 
atoms, and a very large, apparently non-atomic but homogeneous 
enclosure, and suggested that all the hydrogen ions could do was to 
stop at such an obstacle and accumulate. Personally, he could not 
see it in that light ; he could not help thinking that if the concentra- 
tion of the hydrogen ions increased sufficiently they could quite easily 
escape along the lateral channels, even though they came towards the 
obstacle along the channels at right angles to it. What he thought 
might happen, if the reduction of oxide theory were excluded, was that 
there were certain particles present in the crystals or in the crystal 
boundaries which acted as nuclei, perhaps as catalytic agents, which 
facilitated the combination of the hydrogen ions into molecules, and 
those no longer diffused, but stayed there. Whether that was purely a 
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mechanical action, as the author suggested, or whether it was a chemical 
action due to the presence of oxide, yet remained to be established. 
The author’s very ingenious experiment of using double sheets was very 
pretty, but he was afraid inconclusive, for the reason that one could 
not be sure that no air space existed anywhere between the doubled 
sheets. If there were an air space, the experiment would break down 
immediately. The same remark also applied in regard to interstices 
within an actual steel sheet. If there were cavities, no doubt they 
would fill up. 

There was only one other point to which he wished to refer— 
namely, that blistering as the result of the diffusion of hydrogen was 
not confined by any means to steel. The phenomenon known as the 
gassing of copper was well known, and there the theory of reduction 
of oxide by penetrating hydrogen was pretty well established. In 
aluminium a very similar phenomenon occurred. In aluminium 
treated in certain ways a condition could be obtained in which the 
sheets could be rolled perfectly well, so that the metal was rather 
more ductile than usual, but on annealing it blistered in the manner 
described for tin plates. That was entirely a question of gas content. 
In that case there was certainly no reduction of oxide by hydrogen, 
and as far as that fact went, it was in favour of the author’s theory. 


Dr. W. H. Harrtetp (Sheffield) said the paper naturally divided 
itself into two parts, one being the explanation of the blisters, and 
the other some extremely valuable constructive scientific work in con- 
nection with the action of acids in the pickling process. He thought 
the author’s experimental work would prove to be very valuable as 
time passed, and the thanks of the members were due to him for it. 
Turning to the question of blisters, Mr. Law had put forward one 
explanation, and the author had put forward another. Frankly, he 
could not agree with Mr. Law’s explanation as it stood, for the reasons 
put forward by the author. But neither did the author’s explanation 
appeal to him as very convincing, and he (Dr. Hatfield) therefore 
desired to suggest a further explanation. A proper understanding of 
the question of the pickling of steel was an extremely difficult matter. 
Personally, he had given a lot of time to the subject over a large number 
of years, and he felt even now that he did not know much about it. 
There were, however, from his point of view, two aspects of the subject 
which should not be lost sight of, one being the embrittling of steel 
by the action of acid, and the other the production of blisters. It 
was always difficult fairly to judge the degree of embrittling, because 
almost invariably a very thin sheet was being dealt with. That sheet 
was being attacked by acid, and those who actually tested such sheets 
on the testing machine “after ‘pickling did not invariably polish the 
surface of the test-piece and obtain a perfectly plane surface, thus 
eliminating the roughening action of the acid, which was sometimes 
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very considerable, and, under some circumstances, was concentrated, 
and so caused the steel to behave as a brittle substance when intrinsi- 
cally it was not. Mr. Whiteley had referred to the very small per- 
centage of hydrogen he had been able to discover in a very brittle 
steel, and that, he thought, confirmed what he (Dr. Hatfield) had said. 
Personally, he had quite an open mind in regard to the influence of a 
considerable proportion of hydrogen intrinsically in embrittling steel ; 
he had no conviction at all upon the subject. The question of blisters 
being raised on steel was a very important commercial question. 
It was a serious difficulty in many works, and it was most gratifying 
to find that the author was tackling the subject so seriously. There 
was one very simple way of looking at the matter—namely, that when 
a sheet was rolled the structure of the material was laminated. It 
was quite easy to conceive that, in the locality of an oxidising slag 
inclusion, there was an imprisonment of gas under high pressure in 
the sheet in the vicinity of the inclusion. When that sheet was rolled 
a very thin layer of metal was produced, but a layer strong enough on 
the top of the inclusion still to imprison the gas. The steel was then 
put in acid, and a considerable thickness of the steel which was 
actually imprisoning the gas was dissolved away, so that a very 
strong ‘‘ air vessel’? was made into a very flimsy one. That might, 
at any rate, be a possible explanation of some of the blisters which 
were encountered, and it would be appreciated that that explanation 
neither called for the explanation which Mr. Law put forward, nor for 
the ingenious explanation put forward by the author. A very interest- 
ing phenomenon of a similar order which confirmed the point he had 
put forward was that if wrought iron were cemented very serious 
blisters were caused; and it might well be assumed that, owing to 
analogous action of that kind during a manufacturing operation, some 
cause was produced in the neighbourhood of the defect which did not 
produce an obvious blowhole, but which resulted in gas being present 
to a sufficient extent to produce the effect he had mentioned. It was 
extremely gratifying to himself to find that diffusion through a single 
crystal was so effective. 


Engineer-Captain J. A. Ricuarps, R.N. (London), said he thought 
the author was carrying out a very valuable work for the steel trades 
which dealt with pickled material. The author had referred on p. 12 
to “small” blisters, and no doubt the specimens he illustrated in 
the paper were very highly magnified. Personally, he had had a very 
large experience of pickled material, chiefly boiler tubes and tubes of 
different kinds. He remembered once going into a tinplate works in 
South Wales and seeing a number of plates coming through after 
pickling and annealing. Some of the plates contained peppery blisters 
and some did not. On inquiring from the manager of the works the 
reason for the peppery blisters, he was informed that it was thought 
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they were due to some inherent defect of the steel, as all the plates had 
had the same pickling and the same heat treatment. He had met 
both types of blisters in the interiors of cold-drawn tubes. He had 
seen so many million tubes in his time that it would be impossible 
not to have obtained some experience of blisters. The large type of 
blisters he always put down to blowholes which had not welded up 
during manufacture, or, if they had welded up, there were sulphide 
segregations in the blowholes which raised the blisters. The smaller or 
peppery types he had always ascribed to some defect in the steel, as in 
the case of the tinplates referred to. The blisters generally appeared 
in certain parts of the interiors of the tubes, but they were absent in 
other parts which had received exactly the same amount of pickling 
and the same heat treatment; they were generally much smaller than 
those shown on Fig. 8 of the paper, and not punctured at the top, but 
entire. He remembered that at the Admiralty on one occasion there 
was a case of peppery blisters in boiler tubes for a ship. A number of 
the tubes were cut up through their longitudinal axes and carefully 
examined. These blisters were so minute that they could not be seen 
with the naked eye after the tubes had been cut up. From a practical 
point of view they had disappeared. This was often the case when 
viewing through a bright tube. Apparent defects were then seen 
which quite disappeared when the tube was cut through its longitu- 
dinal axis, and the two halves examined. The tubes in question were 
fitted into the boiler, and behaved quite as satisfactorily on service 
as other tubes which had not those superficial marks. Taken alto- 
gether, the Admiralty material had been extraordinarily free from 
blisters in solid-drawn steel tubes. The worst blisters he had ever 
seen were in iron strips, or hoops, as they were called in Scotland, for 
welded tubes. Those blisters had formed on each side of the strip, 
and made almost perfect spheres 14 inch to 2 inches in diameter. He 
had a transverse section cut from one of the strips through a blister, 
which he showed to a friend, who told him that apparently the manu- 
facturer had invented a new form of tube-making. He really thought 
that was so. The blisters.had been raised during annealing, and 
were probably due to scale which had been left before faggoting. Many 
cases of similar blisters had been seen in-lap-welded iron tubes, no 
doubt due to the same reason. The question of the hardening effect 
due to pickling was very interesting to anyone intimately connected 
with steel tubes, because some specifications laid down that the tubes 
were to be electro-zinced by the users of the tubes after receipt, so that 
they had to be pickled to take the zinc. A case occurred in 1912 of 
some tubes failing in the mechanical tests at a boiler works. It was 
thought to be due to over-pickling before zincing, so he carried out 
some experiments on twelve 14 in. outside diameter X 11 in. gauge 
(0-116 inch) thick cold-drawn tubes. The tubes were close annealed, 
and seven test-pieces cut from each tube—that is, each test-piece 
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consisted of a short length of tube 14 inches long. The mean of the 
results were as follows : 


| Breaking Load Elongation 
in Tons per per Cent. on 
Square Inch. 8 Inches. 
Tubes as close annealed . : 21-6 36-4 
Pickled for 1 hour in 1 part 
HClto39H,O . : : 21-5 36-2 
Pickled for 2 hours in 1 part 
HCl to 39 H,O : : 21-7 34-2 
Pickled for 3 hours in 1 part 
HCl to 39 H,O . 5 : 217 31-2 
Pickled for 4 hours in 1 part 
HClto39H,O . : : 21-9 28-1 
Pickled for 6 hours in 1 part 
HCl to 39 H,O : 5 21-9 26-6 
Pickled for 8 hours in 1 part 
HCl to 39 H,O . 22-2 23-8 


From practice at various boiler works, it appeared that the length 
of time in pickling was a greater determining factor.on the increased 
hardness of the tube than the strength of the pickle, but the author’s 
tests hardly bore that out. Personally, he was under the impression 
that the pickle had a greater hardening effect on alloy steels than on 
ordinary low-carbon steels, and he hoped the author would make 
some experiments from that point of view. The Admiralty had always 
found that annealing at a very low temperature would remove all the 
hardness caused by pickling. In conclusion, he desired to thank the 
author for the great service he had rendered to the members by 
carrying out his experiments. 


Mr. C. E. SrroMEYER (Manchester) said he had not had any experi- 
ence of the blisters referred to by the author, but experience was 
occasionally obtained of tubes which had been put into boilers suddenly 
developing pitting to an extraordinary extent. He remembered many 
years ago that a boiler which he inspected in Glasgow started to pit 
through the tubes before the ship had got to the Channel on her 
maiden voyage, and when the ship arrived in Japan the whole of the 
tubes had to be renewed. He did not know whether that had any- 
thing to do with the present subject, but it looked very much like it. 
If the tubes were subject to peppery blisters, these would probably 
start the pitting actively. Very similar cases had occurred since then, 
although not quite of so serious a character. In future, he would 
certainly look at the tubes from Dr. Edwards’ point of view, because 
he thought there was a relationship between the two subjects. 

He (Mr. Stromeyer) had not noticed anything that suggested 
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peppery blisters having been active on boiler plates, but he recently 
came across a very peculiar case of bulging. A Stirling boiler tube 
developed small bulges of about 4 inch diameter and } inch deep. 
They appeared in rows. The metal was not reduced in thickness— 
in fact, the bulges looked as if they had been punched with a die. 
Whether they were due to the metal or to the water, or perhaps to water- 
hammer, he did not know, and he further did not know whether those 
bulges were related to the subject under discussion. The phenomenon 
of peppery blisters occurred also in copper. He believed in that case 
the explanation which the author gave was the accepted one—namely, 
that such blisters occurred only in under-poled copper, which therefore 
contained microscopic particles of oxide. When the plates were 
exposed to gases containing hydrogen, the hydrogen penetrated the 
copper, and when it met the oxides was converted into steam, the steam 
being at a sufficiently high pressure to burst the copper. 

The blistering of blister steel was caused by a similar action. 
Instead of hydrogen, carbon entered the steel, and, when it met the 
oxide, carbonic acid was produced. 


The Prestpent (Sir William Ellis, G.B.E.), in proposing a cordial 
vote of thanks to the author for his excellent paper, which had been 
so well received and discussed, said he desired to ask a question with 
regard to Fig. 8 on Plate III. If it were the fact that the blisters 
shown in the section marked “ pickled in usual manner” were the 
result of pickling and not of inherent defects in the steel, as he took 
it the author assumed, looking at the matter from a manufacturing 
point of view, why should those blisters be developed by using that 
method when, as shown on the first part of the plate, those defects 
were not developed, if the metal were electrolytically pickled? The 
answer to the question really stared the members in the face, but he 
would like the author to reply to it. 


The resolution of thanks was then put and carried with accla- 
mation. 


Professor C. A. Epwarps, in reply, said he had listened to 
Mr. Whiteley’s observations with great pleasure. He thought, however, 
it would be an extremely difficult matter to detect microscopically the 
very minute extensions to which Mr. Whiteley referred. He did not 
think the amount of hydrogen Mr. Whiteley mentioned was in any 
way a small quantity when the facts of the matter were borne in mind. 
It was necessary to be very careful in attempting to measure the 
amount of hydrogen which was absorbed by steel as a result of pickling ; 
otherwise there was a danger of obtaining variable results. In that 
connection he would draw attention to the fact that if a sample of 
steel were pickled and then put on one side with the intention of con- 
tinuing the experiment later, the hydrogen, or part of it, that had been 
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absorbed during pickling would be coming out the whole time ; so that 
it was necessary to bear in mind the time factor. He was also very 
glad to have had the opportunity of listening to Mr. Law’s observa- 
tions. As to whether Mr. Law’s explanation or whether his (Professor 
Edwards’) was correct, time alone would show. He did not think, 
however, Mr. Law was justified in saying that manganese sulphide and 
carbide of iron did not give blisters; at least he (Dr. Edwards) would 
not like to make such a dogmatic assertion. There were many people 
connected with the trade who believed that both manganese sulphide 
and carbide of iron would cause blisters. Of course, there were others 
who believed that something else was the cause of the trouble. To 
suggest that because carbide of iron was always present blisters should 
always occur, if that constituent could cause them, was quite mislead- 
ing; it all depended on the care taken in the pickling operation. 
For example, it was known that with proper care blisters could be 
avoided even in sheets which would give blisters when less carefully 
pickled. In tin plates the carbide of iron present always existed in 
the centre of the sheets, and there was a substantial thickness of 
material below each surface that contained no carbide. 

He (Professor Edwards) was quite prepared to admit that the 
presence of one constituent might more readily cause the development 
of peppery blisters than another, but that did not afiect the theoretical 
aspect of the question. The behaviour in that connection, if there 
were any difference, could easily be explained on the grounds that 
there must be a considerable difference in the cohesion between an 
iron-iron oxide surface of contact and an iron-iron carbide surface of 
contact: when it was remembered that blisters could be produced at 
the ordinary atmospheric temperature, it would be seen how difficult 
it would be to account for that by Mr. Law’s theory. Further, it might 
be useful to point out that he (Professor Edwards) had produced a 
pickling blister containing as much as 100 cubic centimetres of gas 
and yet that blister was perfectly dry inside, and showed no trace 
of moisture. Surely that result could only be explained on the 
hypothesis put forward in the present paper. 

Mr. Ridsdale raised the question of the effect of added reagents. 
Personally, he (Professor Edwards) carefully refrained from specifying 
what oxidising agents he had tried, simply because he did not want 
to mislead anyone into thinking that they could safely use any of them 
before they had been properly tested. He had not used Pickelette ; 
as a matter of fact, he had not used any of the patent pickling solutions, 
because he wanted to know exactly what he was doing, and to use 
such patent solutions for work of the kind described in the paper might 
be very misleading. He quite agreed with what Dr. Rosenhain said 
about the question of lateral diffusion. Fig. 6 was not intended to 
indicate the exact path of the hydrogen ; it was only intended to give 
a mental picture of what was going on, or something approaching it. 
In pickling, the hydrogen was developed on the side of the sheet, and 
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a large proportion of the hydrogen which entered the metal would 
diffuse at right angles to the surface at which it was generated. There 
was no suggestion in the paper that the hydrogen could only flow in 
one direction. Dr. Hatfield had made a very important point when 
he said that, in considering the embrittling effect of hydrogen on thin 
sheets, it was impossible to neglect the roughening of the surface by 
the acid. He (Professor Edwards) was endeavouring to work out 
systematically the embrittling effect of hydrogen, and was trying to 
make corrections for that varying influence of the surface. He was 
also extremely obliged to Captain Richards for the interesting obser- 
vations he had made. Many of the figures that he had quoted would 
be exceedingly useful when they were embodied in the discussion on 
the paper. He was carrying out further experiments on special steels, 
such as Captain Richards suggested, with a view to determining the 
influence in that particular direction. The point the President had 
raised was a very important and interesting one. He asked why they 
should pickle in the usual manner if blisters were produced, whereas 
if the pickling were conducted electrolytically no such blisters were 
formed. There were many aspects of that question that could be 
dealt with. It was purely a question of convenience and cost. In 
most cases of boiler tubes or articles of that kind, where it was necessary 
to pickle, he would be inclined to recommend the use of the electrolytic 
method. Whether it was going to be possible electrolytically to pickle 
tin plates on a commercial scale or not, he did not know. He was 
arranging to carry out systematic experiments with a view of getting 
useful data in that direction. Members could easily imagine the 
enormous asset it would be if pickling could always be done electro- 


lytically. 


CORRESPONDENCE. 


Mr. A. T. Apam (Musselburgh) wrote that it was gratifying to see 
that the subject of pickling steel and the effect of hydrogen were 
receiving more attention. The embrittling effects of hydrogen on 
steel were sometimes extraordinarily disastrous. For example, he 
had frequently seen a coil of wire break up completely in the acid vat. 
Unfortunately, the matter had not so far been sufficiently studied 
to afford a reason for some steels being affected more than others. 
One of the worst cases of pickling brittleness he had known was that 
of a high-grade Swedish steel containing about 0-75 per cent. of carbon, 
and tests were made on the solubility of that steel in sulphuric acid, 
which showed that the steel was nearly ten times more soluble than 
usual. That appeared to confirm the author’s results in Fig. 16, 
which showed that the rate of diffusion of hydrogen and the solubility 
could be closely correlated. Fortunately the attack of acids on steel 
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and the diffusion of hydrogen could be minimised considerably by 
adding certain substances of a more or less colloidal nature to the 
pickling vats, and it was interesting to note that the author had made 
some experiments on the influence of colloids and intended to extend 
those observations. There did not appear to be any very definite 
answer to the question of why the occluded hydrogen made the steel 
brittle. He understood one view was that the hydrogen caused a 
weakening at the crystal boundaries, and certainly pickling brittleness 
appeared to be typical intercrystalline brittleness, but he would be 
glad to have the author’s views on that point. 


Mr. A. Atxison (Sheffield) wrote that Dr. Edwards’ paper was a 
valuable one both from metallurgical and economical standpoints, 
and explored a field hitherto almost untouched. He quite agreed 
that hydrogen was the main factor in liberating scale, as he had 
frequently noticed the flakes of scale floating in the acid, and in cases 
where the temperature of the bath was kept low, there was a sedi- 
ment of reddish oxide left when the vat was emptied. Dr. Edwards’ 
experiments did not make quite clear the question of the penetration 
of hydrogen in the pickling time—namely, whether a longer pickling at 
a low temperature, or a short pickling at a high temperature would 
cause greater absorption of hydrogen. He (Mr. Allison) quite agreed 
that the action of the acid slowed up considerably with an acid strength 
over 7N. Also he found that when the sulphuric acid baths became 
rich in ferrous sulphate, pickling almost ceased when a specific gravity 
of 1300 was reached. In this case the addition of water caused an 
apparently exhausted bath to become active again. He considered 
that Dr. Edwards had proved his case as to inclusion arresting the 
hydrogen and catalytically reforming molecular hydrogen. In that 
connection he would like to have Dr. Edwards’ view on the two photo- 
graphic prints (Figs. 8 and 9, Plate IIIa). It would be seen that 
there were wavy white lines across the field. 

Both steels were pickled, cold-rolled, and annealed. He had 
frequently noted that appearance in similar material, usually towards 
the outside, not particularly in the centre. It apparently had no 
detrimental effect on the steel. It just appeared possible that it 
was the after-effect of some hydrogen absorption, as pointed out by 
Dr. Edwards. 

With reference to the more vigorous passage of hydrogen from a 
- surface covered with oxide, he pointed out that annealed steels were 
far more difficult to pickle than plain hot-rolled steel. In close anneal- 
ing, the oxides assumed a form—probably magnetic oxide—with a 
bright, almost metallic colour. That film was much more difficult to 
remove by acid, possibly being less porous. 

He suggested that the interior of the pack of sheets, although one 
sheet apparently stripped the other of oxide, did not do so completely. 
In any case, the oxides and surfaces were in a similar condition to the 
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surface of close-annealed steel. The further experiments Dr. Edwards 
was making would, he hoped, lead to equally valuable results, and he 
would await the publication with great interest. 


Dr. H. Hartiey (London) wrote that the thanks of those interested 
in the use of pickled steel sheets were due to the author for his con- 
tribution to the knowledge of the subject. It was to be hoped that 
he would be able to continue that investigation, and that the further 
work foreshadowed in the present report would enable the difficulties 
with which he dealt to be eliminated. In the vitreous enamelling 
industry trouble due to sheet defects similar to those which he referred 
to as “‘ peppery blisters ” caused considerable difficulty. The defects 
might be classified under three headings : 


(1) Large blisters, generally noticeable after the firing of the first 
coat. 

(2) Series of smaller blisters in more or less straight lines, 

(3) Irregular blister development. 


Faults (1) and (2) were generally admitted by both the enameller 
and the steel merchant to be due to defective metal, but neither was 
prepared to accept the responsibility for defects of the third type, 
which were the most common. From the point of view of the chemist 
it was, of course, very unsatisfactory to explain an enamelling fault 
as being due to “ bad iron,” as that appeared merely to be shelving 
the question. It was possible that defects of the third type were 
due to faulty enamelling, but in view of Dr. Edwards’ work it seemed 
more than likely that many of those defects were really due to the metal 
itself. If the enameller complained that such a sheet were defective, 
the steel merchant’s practice was to take the faulty sheet and send 
it to some friend in the enamelling trade, asking him to clean it and 
re-enamel it. Almost inyariably a perfectly enamelled sheet was 
returned, and the steel merchant felt satisfied that the fault about 
which the complaint had been made was really due to his client’s 
carelessness. The removal of vitreous enamel and the re-enamelling 
of the sheet did not really settle the point at issue. The fact that 
a blister had appeared in the enamel itself indicated that if the defect 
were due to the sheet, a minute perforation had been produced which 
enabled the imprisoned gas to escape. After removing the first enamel 
the sheet was in an ideal condition for re-enamelling. 

Whilst the tenor of the above remarks might suggest that he 
(Dr. Hartley) was endeavouring to absolve the enameller from all 
blame and put the responsibility entirely on the steel-maker, that 
was not his object. It did not seem to be practicable to ensure that 
the sheets should be free from inclusions and from gas-pockets, and 
the preparation of an entirely satisfactory sheet would require careful 
treatment during pickling. : 

There was another class of enamel trouble which he believed to 
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be due to a large extent to a sheet defect. After enamelled plates 
had been in stock or in use for some short time it was sometimes found 
that the enamel chipped off in small pieces, leaving holes more or less 
circular in section and roughly about } inch in diameter. If the enamel 
were examined at the point at which the chipping had occurred, it 
would be noticed that the fracture was more or less conical, and often 
that both the cover coat and the ground coat had in part chipped off 
and at the apex of the cone the steel plate was exposed. If the visible 
steel were inspected it would be found that it had the appearance of 
a small pimple and could be punctured quite easily with a penknife. 

Fig. 3 in the author’s paper represented, he thought, the section 
through a sheet at such a point. It would be obvious that if a layer 
of enamel were superimposed on such a sheet as shown in Fig. 3 sub- 
sequent changes in temperature would cause a considerable strain in 
the vicinity of the projection and lead to chipping of the type which 
he (Dr. Hartley) had indicated. In the sign-plate trade it was often 
the practice to go over the plates carefully with an abrasive after they 
had been pickled and remove such small projections. In-other classes 
of work where smaller articles had to be handled, it was not economic 
to subject the metal to such treatment. 

If a sheet of mild steel which had been coated with a first coat of 
enamel were examined, it would be found that if the enamel had not 
been over-fired it was impregnated with small gas bubbles. It did not 
appear that those bubbles were due to gas generated by the enamel 
material itself. A vitreous enamel consisted of a flux which, for the 
present purpose, might be described as a soft glass, to which a small 
amount of clay, and in the case of a ground coat, often a trace of borax, 
was added at the mills during grinding. It was applied to the sheet 
in the form of a slurry, and after drying was “ fired” (melted) by the 
insertion of the whole into a suitably heated muffle. Some water and 
possibly a little carbon dioxide, resulting from the combustion of any 
small amount of organic matter in the clay, was driven off during the 
firing, but that would not, he thought, explain the formation of the 
very large number of bubbles which could be seen on examination 
of a fired sheet. They were especially marked in an under-fired sheet 
and had largely disappeared from an over-fired sheet. It did not 
seem improbable that those bubbles were really hydrogen which had 
diffused out from the pickled metal. In certain laboratory experi- 
ments on enamel he had observed the bursting of bubbles which had 
formed during the firing, and had noted the production of flame due 
to the ignition of gas which had escaped from such bubbles. From 
the appearance of the flame the inclination was to regard the gas as 
carbon monoxide, but it did not seem improbable that it was hydrogen 
which had previously been secreted within the metal itself, as indicated 
in Dr. Edwards’ paper. - 

The hypothesis advanced by the author appeared to him 
(Dr. Hartley) to be the most reasonable yet proposed, Some of the 


ne 


CORRESPONDENCE ON PROF HSSOR EDWARDS’ PAPER. 59 


criticisms made during the discussion of the paper did not appear to 
be entirely logical. Dr. Rosenhain stressed the importance of speaking 
of hydrogen ions diffusing through the metal, and later seemed to take 
exception to the double sheet experiments, on the ground that the 
author appeared to have overlooked the possibility of lateral diffusion 
due to non-intimate contact between the two sheets. The Edwards’ 
hypothesis appeared to the writer merely to postulate that when 
hydrogen which had been diffusing through the metal crossed the 
metal boundary and entered another phase it was no longer capable 
of re-entering, or if it could re-enter the metal, the rate of re-entry 
became negligibly small. Collection of hydrogen could then occur 
in the neighbourhood of an oxide or other inclusion, and also at any 
point where there was a metal boundary within the material, as, for 
example, in any small cavity within the sheet. He (Dr. Hartley) 
demonstrated in Professor Bone’s laboratory some twelve years ago that, 
in the case of certain metals, hydrogen and other gases readily entered 
the solid phase, and that gas which had been within the metal might 
cause the metal to become charged electrically when it diffused out. 
For example, silver and gold become negatively charged in atmospheres 
of hydrogen or carbon monoxide, and positively charged in an atmos- 
phere of oxygen. The charge on the metal was influenced by the rate 
at which gas passed out from the solid phase into the surrounding gaseous 
phase. If Dr. Edwards’ hypothesis were correct it should, by a slight 
modification of the dual sheet experiment and the actual provision 
of a small cavity between two sheets welded together, be possible for 
hydrogen to be collected therein up to a considerable pressure, and by 
making a suitable connection to the space between the sheets to arrange 
for that pressure to be measured. 

With regard to the fact observed by Dr. Edwards, that the hydrogen 
generated in contact with the metal entered more rapidly when there 
was an oxide coating on the outer surface, might not that be due to 
the fact that when reduction of the oxide of iron resulted there was 
a decrease in molecular volume and an increase in the space through 
which the hydrogen particles could diffuse. As bearing on that point, 
it might be mentioned that when certain oxides—for example, copper 
oxide—were reduced by hydrogen the rate of removal of the hydrogen 
from the gas phase over an appreciable period was much greater than 
the rate of removal of oxygen from the gas phase when a stream of 
oxygen was passed over the recently reduced material, although it 
would appear that the znitial rate of removal of oxygen might be as 
great as the initial rate of removal of hydrogen when passed over the 
oxide surface. The rate of removal of oxygen from the gas phase 
fell off very rapidly and the complete re-oxidation of the reduced 
material became a lengthy process. Apparently after the surface 
of the freshly produced copper had been oxidised, the rate of the 
diffusion of the oxygen into the deeper layer was much retarded. 
The difference in the rates of oxidation and reduction was not explained 
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by the difference in the densities of the hydrogen and the oxygen, as 
similar results were obtained with carbon monoxide and oxygen. 


Professor Epwarps wrote, in reply to the written contribution to 
the discussion, that he was particularly interested in the observations 
made by Mr. Adam, for they threw more light on another aspect of 
that very interesting subject. Whilst he (Professor Edwards) was not 
in a position to make any definite suggestion as to the cause of the 
peculiar effects noted by Mr. Adam, he now had some evidence which 
seemed to indicate that the rate at which hydrogen diffused through 
cold-worked steel was considerably greater than through the same 
steel when in the completely annealed condition. Further, there 
was also some evidence for believing that the rate of solution of the 
metal, in the acid, was greater under those conditions. It was just 
possible that something of that kind was the cause of the facts referred 
to by Mr. Adam. 

It was very useful to have the contribution from Mr. Allison, 
especially in regard to the emphasis he laid on the facts relating to the 
effects of varying acid strength, and that of ferrous sulphate in solution. 
It was also helpful to have Mr. Allison’s statement concerning the 
effect of water additions to solutions that were highly charged with 
ferrous sulphate, for that was a matter which was now being examined. 
So far as he (Professor Edwards) could judge from what Mr. Allison 
said about the two photomicrographs, he was inclined to think the 
lines were due to segregation in the original ingots. 

He was especially pleased to have the communication from Dr. 
Hartley, for although it did not call for a reply it represented a 
most important and useful contribution, and drew attention to the 
importance of studying the action of pickling from the point of view 
of the enamelling trades. 
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’ 


Two papers already published by the present authors ™@® have 
dealt with their views concerning the mechanism of the plastic 
deformation of those metals which crystallise in the face- centred 
and body-centred cubic lattices. 

In the paper dealing with the body-centred cubic lattice, that 
of a-iron,™ reasons were adduced for the belief that the type of 
deformation in a single crystal should be different from that in 
a fine-grained aggregate. The differences were related to the re- 
straint imposed by the crystal boundaries, where these exist, and 
pursuing the same line of thought the authors have in the present 
paper developed this idea and give reasons for believing that 
at the free surfaces of even an aggregate the deformation will 
probably differ distinctly from that within the mass. The whole 
subject is of fundamental importance in connection with the de- 
termination of the elastic limit and with elastic failure in general, 
and thus of interest both to the metallurgist, who is concerned 
with the testing of metals, and to the engineer who uses them. 

Despite the criticisms which were levelled against the theory 
developed in the communications referred to, the authors see 
no reason up to the present to modify their original views, and 
these, so far as they bear on the present thesis, will be briefly 
summarised. 

In close-packed cubic material (y-iron.and many of the non- 
ferrous metals) the deformation is considered to be effected, in its 
earlier stages, by the “ easy-glide ’’ of the atoms on the octahedral 
planes. Such movement appears of necessity to be restrained by 
the erystal boundaries, and at the free surfaces where there is 
partial removal of this restraint it is not difficult to imagine that 
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the atomic movement will be more easily initiated ; m other words, 
the elastic limit will be lower at the surface than it is internally. 
This conception is illustrated diagrammatically in Fig. 1. 

There is also the possibility that at the surface the deformation 
may occur in planes other than that which is of importance within 
the mass, but of this there is no certain evidence. 

In the case of a-iron, and of other materials which crystallise 
in the same lattice, the effect. of the free surface may be twofold. 
In the first place, there is the relative freedom from boundary re- 
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straint, which has already been considered above, and, in addition, 
good reason exists for the belief that movement will occur on the 
rhombic dodecahedral plane as distinct from the cube face, which 
is the normal. ‘The evidence that cube face-movement is the usual 
type has already been given,” together with the theoretical and 
experimental reasons ® for the belief that, in a single crystal, 
deformation proceeds on the dodecahedral plane. The difference 
is, in the authors’ opinion, again to be ascribed ultimately to the 
surface effect. It at once follows that at any free surface the 
possibility of dodecahedral movement is apparently increased and 
must be taken into account. The effect of this surface deforma- 
tion will be to produce plastic flow at stresses lower than that 
required within the body of the sample. This is the direct result 
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of the great probability, already considered,® that dodecahedral 
movement occurs much more readily than that on the cube face 
when the conditions are such as to allow it to proceed at all. 

Evidence that the elastic limit is reached at the surface at a 
relatively low stress can be adduced from a number of different 
points of view. 

Microscopically, Edwards and Pfeil “ have demonstrated that, 
when subjected to definite tensile strain followed by a prescribed 
annealing, certain material produces large crystals within the 
specimen, but small ones over practically the whole of the surface. 
This can only be ascribed to the fact that the deformation required 
to cause excessive crystal growth on annealing, which was attained 
in the mass of the specimen, was not experienced at the free 
surface. This in its turn may be due either to the variation of 
the extent, or of the nature of the superficial deformation, or 
more probably to both. The belief of the authors is that at the 
surface the tension resulted in dodecahedral movement, which 
apparently is not, for some reason, suitable for subsequent growth, 
and that it was only within the sample that probable cube-face 
movement occurred which led later to the formation of large 
erystals. The investigators mentioned also showed the very 
striking fact that if the strain were imposed on the material by 
rolling instead of by tension, the surface behaved much as did the 
interior. They point out themselves that this is probably due to 
the restraint imposed by the surface of the rolls, which restraint 
is, in all probability, similar in its effects to that of the crystal 
boundaries, whence there should not be any difference in the 
behaviour of the surfaces and of the rest of the material. 

The essential difference between iron and aluminium ® in 
respect of this surface film of small crystals points strongly to the 
fact that in the former metal the nature of the surface deformation 
differs in nature from that away from the surface, while in the 
close-packed metal the surface films of crystals, when they do 
occur, are more probably to be ascribed merely to variations in 
the extent of the preliminary deformation. 

Micrographic evidence is thus in good support of the conten- 
tion concerning the importance of the surface of a sample of metal 
under stress. ; 

Passing on to the mechanical aspect of the subject, one very 
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important point at once arises. One of the methods which has 
been used for the determination of the elastic limit is the obser- 
vation of the stress at which slip-bands first make their appear- 
ance. Now, if the foregoing conclusions are correct, such a method 
is practically valueless for the purpose. ‘The slip-bands, being 
merely surface movements, can reveal nothing more than the 
stress at which deformation of that portion of the test-piece takes 
place, and thus they will have little bearing on the elastic failure 
of the specimen as a whole. 

In this connection reference may be made to the work of 
Tammann.® For a large number of metals he determined the 
stress at which slip-bands were first formed, and also measured 
the elastic limit by ordinary mechanical means. The former 
stress was invariably very much lower than the latter, particularly 
so for copper, nickel, and zinc. A few typical results are collected 
in Table I. 


TABLE I. 
a 18 eee Il. 
ress at whic era a : 
= Elastic Limit Ratio. 
Metal. : Treatment. fi sre Sib d (fechantcal). Il. 
Ker pers ; Kg. per “Tes 
Sq. Cm. Sq. Cm. 
Copper . | Cast and slowly cooled 203 2780 Bie 7 
Nickel . | Reheated 1 hour at 1350° C. 788 5570 7:8 
Lead . | Cast and slowly cooled 25 102 4-1 
Zine  . | Cast and slowly cooled 125 770 6-85 
Tron... | Strongly annealed 2370 5840 2°5 


The discrepancies in all of these cases are far too great to have 
been due to any ordinary cause. It is inconceivable that errors 
of 600 to 1400 per cent. should have been made in the determina- 
tion of the elastic limit. From the point of view developed in 
the present paper, however, it is no longer unexpected that the 
two sets of figures should be so widely, different ; it is both what 
would be expected and required. It is clear that since copper, 
zine, and iron all show the same effect, the deformation under 
stress of free surfaces is a phenomenon which is common to all 
metals, and is not a function of any specific crystal lattice. This 
does not mean, however, that the mechanism by which the result 
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is attained igs not a variable dependent on the atomic arrangement 
of the particular material. 

It may now be well to record the experimental evidence which 
it has been possible to collect and that has bearing on the point 
at issue. If elastic failure does occur initially at free surfaces, one 
of two conditions must obtain. In the first place, the elastic limit 
might be reduced by the smallest free surface to a low but definite 
value, which would then be independent of the extent of the sur- 
face. Although possible, such a state of affairs is a priori very 
unlikely, and it is much more probable that it should be possible 
to show that, as the cross-section of the specimen is reduced and 
the relative area of surface increased, the elastic limit falls. At 
the same time it must be remembered that the greater relative 
surface would be expected, as a result of the surface tension, to 
result in an increase of the elastic limit. Any observed fall of 
this value will have been actually reduced by an amount corre- 
sponding with the increase which would take place as a result of 
ordinary capillary phenomena. In amorphous material the effect 
of the latter forces is excellently shown for glass fibres by the 
following figures obtained by Griffiths ® : 


Diameter of fibreininches . 0:04 0-00132 0:0005 0-000165 
Tensile strength we per 
square inch) . . 24,900 99,500 195,000 498,000 


In crystalline aggregates the effect due to the free surface is in the 
opposite direction, despite doubtless a similar tendency to increase 
due to the surface tension. This means, of course, that even small 
reductions of the elastic limit as the cross-section of the specimen 
is reduced can only be interpreted as meaning a much larger 
tendency to fall, so far as purely crystalline effects at the surface 
are concerned. The evidence available shows an unmistakable 
fall in spite of the opposing capillary effect. 

The following figures are all taken from Unwin’s book on * “The 
Testing of Materials of Construction,” 1910, and though not in all 
cases free from objection through lack of information concern- 
ing the composition and treatment of the material, all point in 
the same direction as that demanded by the hypothesis under 
consideration. 

A mild steel bar, recorded on p. 122, was strained to the yield 
point and then annealed at 750° OC. The yield point after this 
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treatment fell as the diameter of the test-piece decreased, as is 
shown below : 


Diameter in inches 5 : . 0-749 0-715 0-689 0-672 
Yield point (tons per square ‘inch) 5 oGeh  Wuaisy  aostey ty iy) 


The elastic limits of wires of the following composition, all 
being in the annealed state, are given on p. 348 of the same volume: 


Carbon Silicon Manganese Sulphur Phosphorus 

per Cent. per Cent. per Cent. per Cent. per Cent. 

0-115 Se 0-41 KA 0-072 
Diameter ininches . 5 = WcBil Welt) sss = Ores Writs 


Elastic limit (tons per square inch) . 21-4 ~20-4 19-9 20°9 18-8 


The general trend in both these cases is in the required direc- 
tion. The same effect is also shown for steel rails of different 
sections on p. 842. Since in this case the smaller sections will 
have cooled, if anything, more quickly than the larger ones, apart 
from the surface effect, the elastic limit would be expected to 
be higher rather than lower. The full analyses are not given, 
but the carbon content of all the rails recorded below was 
0-37 + 0-02 per cent. 


Sectional area in square inches . - 6-02 6-60 7:34 7-70 
Elastic limit (tons per square inch) . 17-1 ing)a) 18-5 21-8 


Finally, on p. 389 mean values are given for sheets of varying 
thickness : 
Thickness in inches. 0:12-0:13 0-13 0-14-0-20 0-18-0-20 “0-23-0-30 


Yield point (tons 
per square inch) . UG os} 24 23 31 


It will be noted that the direction of the variation is again that 
required. 

It would probably be possible to discredit any one of these 
sets of figures, but since they all point in the same direction and 
to the conclusion that as the surface increases the elastic limit 
falls, the combined value of all the results is cumulative. There 
is, however, stronger evidence available. 

Dalby ® records the following values of the yield point for 
five test-pieces all geometrically similar and all turned from the 
same bar, 14 inch diameter, of 80-ton steel : 

Diameter in inches : 4 3 4 g 3 


Yield point (ons fom square :, 
inch) . 6 Avot!) 20°3 21:4 21-3 22-6 
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There is a progressive rise as the diameter is increased, which 
is the reverse of what would be found if segregation were respon- 
sible for the variation. Since the diameter, even of the largest 
test-piece, is $ inch less than that of the bar from which it was 


Circumference 
Grea 
8 


iS 


Ratio. 


20 


te) 


76 aa 18a 
Elastic Limit - tons per SJ ch 


Fria. 2. 


prepared, any slight cold-working will, in all probability, have 
been removed. 

The best evidence which the authors have, however, was very 
kindly supplied by a friend who wishes to remain anonymous. 
The material consisted of wires of the following composition : 


Carbon Silicon Manganese Sulphur Phosphorus 
per Cent. per Cent. per Cent. per Cent. per Cent. 
0-65 0-125 0-56 0-039 0-034 


All the wires had received the same final annealing at 750° C. in 
pots filled with iron turnings. The full data supplied are recorded 
in Table II., although it is to the elastic limits that attention is 
specially drawn. In Fig. 2 the elastic limit is plotted against the 
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rates of the circumference to the area of the wire, and the influence 
of the surface is very clearly seen. The figures supply as complete 
a proof as could well be desired of the main contention of this 
paper, that elastic failure is controlled by the free surfaces. 

The structure of all the wires was one consisting of sorbitic 
pearlite and ferrite, with no appreciable alteration from one end 
of the series to the other. The elastic limit variation is not, there- 
fore, due to the structure, but to the surface. The typical struc- 
ture is shown in Fig. 8 (Plate IV.). The constancy of the 
maximum stress is of interest. 


Taste II.—Physical Properties of Annealed Steel Wires 
of Varying Diameters. 


Tons per Square Inch. 1 
oes ( ones Rees of 
"| Blastic Limit, | Yield Point. ae 4 4/area. per ent. 
0-300 | 18-6 24-0 34°5 35-0 62-0 
0-276 18-6 24-2 35:0 35-1 63-0 
0-252 18-4 24-1 34:6 35-0 63-0 
0-232 18-6 23:9 35-1 35-1 63-2 
0-212 | 18-6 24-0 34:8 35-1 63-2 
0-192 | 18 6 23-2 34-9 38°4 64-0 
0-176 18-6 24-0 34:7 35°3 64-0 
0-160 | 18-6 23-4 35:0 35°3 65-2 
0-144 17-0 23-0 35-0 36-0 65-4 
0-128 | 17-0 22-8 35:0 36-0 66-3 
~ 0-116 17-1 22-2 35-0 36-0 66-5 
0-104 17-1 22-3 35-0 36-0 67-0 
0:092 | 17-0 21-8 34-6 36-8 67-4 
0-080 16-4 PAL OB, 34:2 38-0 69-0 
0-072 16-4 20-9 34:2 38-0 69-1 
0-064 16-3 20-4 34-2 39-2 69+1 
0-056 16-0 20-4 34-2 39-4 70-2 
0-048 | 15-8 20-1 34-2 41-4 70°6 
0-040 15-6 19-8 34:1 41-4 70:3 
0-036 | 15-2 20-0 34:1 42-5 TL OB 


Other important evidence is available that where the surface 
is enabled to move, plastic deformation may there be obtained 
under stresses far below those normally considered to be the 
elastic imit. Very recently Handford, working under Professor 
Desch, has published an account of a thermionic valve method 
of detecting surface slip, and among the few results recorded 
reference may be made to the following’: 
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Safe Range First Surface | 
Material | of Stress in Haigh Elastic Limit. Movement detected | 
s | Fatigue Test. Tons per Square Inch. in Valve Test. | 
| Tons per Square Inch. Tons per Square Inch. | 
70 : 30 brass : : | 10-0 2-7 2+4 
0:25 per cent. carbon, | 
acid open - hearth | 
steel 5 . 24-0 16-0 14-2 
Annealed copper eal 11-5 4-0 0-1-0-4 
Annealed nickel 37-0 25-0 0-6 


The elastic limit was determined by visual methods, or with 
the Metzger extensometer. It is, to the authors, inconceivable 
that in an aggregate the values recorded for the first surface move- 
ment should be the true elastic limit, especially in the face of the 
values for the fatigue ranges also given. The conclusion is thus 
drawn that what was determined in these tests was merely that 
stress at which movement, “easy-glide’’ in the non-ferrous 
materials, or rhombic dodecahedral movement in the iron, took 
place on the surface, which bears no relationship to the stress at 
which elastic failure would result in the metal as a whole. 

Attention may now be drawn to the bearing of the ideas 
developed on fatigue testing, chiefly in the light of the work 
published by Gough, which is taken as representing the best at 
present available. 

In the most general case as the stress is increased the surface 
begins to deform, owing to the lack of a portion of the boundary 
support. Under any circumstances—that is, whether the metal 
under examination crystallises in the face-centred or the body- 
centred lattice—this deformation results in a stiffening up of the 
material which has undergone movement,“» until it becomes 
capable of supporting the load applied. This also has the effect 
of imposing strains, probably elastic, on the interior of the mass. 
When this stage has been reached, although permanent set has 
occurred, the material is still within the fatigue range, and is 
actually more capable of withstanding the load than it was pre- 
viously. With a further increase of stress the same process is 
repeated, and the material may be stiffened up to the stresses by 
gradually building up the load, exactly as Gough “® has so well . 
shown experimentally. The process described cannot proceed 
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indefinitely, however, since the interior, as pointed out above, is sub- 
jected to gradually increasing internal stress, and, as the external 
load is increased, at some point this, together with this internal 
stress, imposed by the superficial movement, will reach a value 
at which failure ensues, and the fatigue limit will then be reached. 
If, now, this be the course taken by the test, it becomes possible to 
predict another experimental result. In tests of the Wéhler type, 
and those involving alternating torsion, the maximum stress is 
applied at the surface, and any effect due to the free surface should 
beamaximum. Ifa stress-strain curve be plotted, then as surface 
movement proceeds and the specimen is strengthened by it, the 
deflection of the test-bar will be less than that expected from the 
earlier deflection by some amount corresponding with this increase 
of rigidity. This means that the deflection curve should incline 
towards the stress ordinate more than would be expected, apart 
from surface effects. This bending has been observed, and Gough 
reproduces an excellent curve (Fig. 7 of his paper) showing it. 
So far as the authors know, no adequate explanation of this has 
hitherto been available. 

The same effect as that just referred to, and noticeable in 
Figs. 7, 12, and 12a of Gough’s paper, is shown by results obtained 
by Gough and Hanson.“” In their Fig. 1 is recorded the normal 
straight line stress-strain curve for tension and compression of 
Armeo iron. Alongside of this curve, however, is also given one 
for the permanent set. The latter, which is measurable from less 
than 2 tons per square inch, increases gradually as the stress rises. 
It thus follows that the elastic portion of the stress-strain curve 
cannot be linear, since the observed curve is the sum of this elastic 
deformation and that due to the permanent set. Hooke’s “law” 
is, therefore, merely empirical, and though of sufficient accuracy 
for most practical purposes, is not true, and the true elastic stress- 
strain curve for a metal should bend away from the stress ordinate. 
The limit of proportionality, even where this is to be found, is thus 
a perfectly meaningless value. The authors have previously given 
reason “ for the belief that Hooke’s “ law ” did not hold up to the 
elastic limit, and the evidence just given is further strong support 
in this direction. It is now possible to postulate further that one, 
at any rate, of the reasons for this deviation from the straight line 
stress-strain curve is the preferential flow observed at the surface 
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under stresses too small to affect, other than elastically, the 
central portions of the sample. 

The following paragraph taken from the paper °° already men- 
tioned is of the greatest interest in connection with the effect of 
free surfaces on fatigue tests : 

“ It is well known that if endurance tests are carried out on 
solid and hollow specimens under reversals of bending stress by 
the Wohler method, and the maximum stresses are plotted against 
the number of reversals for failure, both curves ultimately become 
asymptotic to the same value of the limiting stress, but at widely 
different values of the reversals.” 

In such work the initial failure of the surface layers commences 
at values of stress below those at which the remainder begins to 
fail, and thus accelerates the rate at which the fatigue occurs. The 
fact that the additional surface available in the hollow specimens 
does not modify the value of the fatigue limit is evidence that the 
surface effect is merely the initiating cause of the failure. 

The swing back of the curve below the elastic limit which has 
been dealt with above is, in the foregoing instances, quite regular 
and the curve is smooth. At the same time, there is no obvious 
reason why this should be so, since it is quite easy to imagine that 
the surface might fail in a series of jerks. This latter case is 
excellently illustrated in Fig. 18, of Gough’s paper, dealing with 
Armco iron, where a quite large peak is shown in the curve well 
below that stress at which the curve bends right away, and at which 
the thermal fatigue limit is indicated. It is of interest that Gough 
appears to consider that this is an abnormal effect, since he does 
not worry to give the actual value of the stress at which it takes 
place. If that be so, the authors are in complete agreement with 
him on this point, and further offer the explanation above. When 
surface failure takes place it must stiffen up the material on 
their hypothesis, and this will cause the curve to return to a lower 
value of the deflection than that which obtained before the change 
had commenced. 

Again, the same surface failure may very ell be also respon- 
sible for the fact that if a thermocouple be applied to a specimen 
of nickel subjected to a range of stress considerably less than the 
fatigue range, large bursts of heat occur which rapidly die away. 
Haigh has observed this effect in several materials. No adequate 
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explanation has hitherto been offered for these facts, which fit in 
excellently with the authors’ requirements. Further, if the latter 
are correct, it simplifies matters considerably, since these initial 
heat bursts have little to do with the final fatigue failure. They 
merely represent surface phenomena, and the reflection of the 
latter upon the mass, which stiffen the material and thus enable 
it to resist further applications of the stress responsible for the 
previous movement. 

It is but fair to point out, however, that Gough and Hanson 
have realised clearly that effects of some kind may make a 
transitory appearance, and may be without effect on the final 
breakdown. They do not, however, appear to have had any 
very clear conception of the origin of such phenomena. 

Gough’s work also points to the conclusion, which is not un- 
expected, that in the ferrous materials the softest irons consisting 
entirely of ferrite are much more sensitive to the effect of free sur- 
face than the harder ones, in which pearlite or sorbite is the pre- 
ponderating constituent. Finally, his Table I., which gives results 
obtained on solid and hollow specimens of a 0-65 per cent. carbon 
steel under reversed shear stress, shows the effect of the greater 
surface of the hollow specimens excellently. The range of stress 
required to produce fracture after three million reversals, a stress 
which is certainly higher than the fatigue limit, at any rate for 
the solid specimens, is given as follows : 


Solidspecimen . ; : . 13-5 tons per square inch 
Hollow specimen . ; : . +£10°5 3 5 Fp men: 


There is reason to believe that, under compression stresses, the 
effect of free surface should be even greater than it is in the case 
of tension, since in compression the tendency is for the material 
to flow out at the surface, whereas in tension it moves as a whole 
inwards. Our knowledge of the effects of compression is certainly 
far less satisfactory than in respect to tension, and the work of 
Coe “ is the more valuable for this reason. The predominating 
characteristic of his results is the very low value obtained in almost 
every case for the elastic limit in compression. For cast or 
annealed material the values are extremely low, with the two 
exceptions of iron and nickel, where they approximate to 8 tons 
per squareinch. It is clear from the behaviour of metals in service, 
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and under alternating tension and compression, that such loads 
do not represent the stress at which the material as a whole will 
fail elastically. The authors, therefore, find in his results further 
proof of the surface yielding at stresses far below those at which 
the mass as a whole becomes plastically deformed, which they have 
already shown to be the case for tension. 

One very elegant proof of the importance of free surface on 
plastic deformation in compression may be recalled, which goes 
very far towards confirming the suggestion that without initial 
surface failure a material would stand up to almost infinite 
stresses. Jeffries “*) has shown that when aluminium and an 
aluminium-copper alloy are subjected to hydrostatic pressure, 
there is neither deformation nor hardening. The pressure applied, 
12,400 kilogrammes per square centimetre, about 80 tons per 
Square inch, is some three times the tensile strength of the 
material as normally obtained, and yet clearly the elastic limit 
had not been reached. 

_ One other aspect of the micrographic evidence in favour of the 
importance of free surfaces on elastic failure in compression may 
be mentioned. In the case of a transformation which involves 
change of volume, such, for instance, as the transition from aus- 
tenite to martensite, the commencement of the change normally 
occurs at the surface, and even where the conditions have been 
such that a considerable amount of austenite is retained internally 
nothing but martensite is found at the surface. Benedicks“ has 
dealt very fully with this question, and shown that the explanation 
is to be found in the surface as such. Jf the present authors were 
right in their previous explanation of the formation of marten- 
site, this constituent could not be formed until stresses equal to 
the elastic limit of the austenite have been set up. This follows 
from their suggestion that martensitisation is initiated by the 
commencement of “ easy-glide’’ in the austenite. This stress 
will, in terms of the present hypothesis, be least at the surface, 
and hence it is here that martensite would be expected. Benedicks 
also showed that by imposing such a restriction to surface move- 
ment as is implied in a jacket of white cast iron, austenite remains 
right up to the surface. This is again exactly comparable with 
Jeffries’ results, in which surface compression retards movement 
and so raises the elastic limit. 
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In conclusion, it may be said the authors feel that, under all 
stresses, but especially in compression, the effect of free surfaces 
is of vital importance in connection with elastic failure. 
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DISCUSSION. 


Dr. D. Hanson (National Physical Laboratory), in opening the 
discussion, congratulated the authors on a very interesting and sug- 
gestive piece of research, with the results of which he found himself 
more in agreement than he had been with those contained in their 
last two papers. At the same time, he was not prepared to go quite 
so far as they did in the matter. He could not admit that all evidence 
adduced from the appearance of slip-bands on the surface of a piece 
of metal was useless in arriving at the elastic limit of the material. 
It might be that the surface layers had a somewhat lower elastic 
limit than the interior portions of a test-piece, but the surface could 
only strctch so far as it was allowed to by the elastically strained 
interior of the test-piece ; so that no matter what the elastic limit of 
the outside, the total strain could only be equal to the total elastic 
strain in the interior, and that was a very small amount. If very well- 
marked slip-bands were obtained on the surface of a piece of metal, 
it could be taken as evidence that not only had the outside layer 
moved, but the inside as well. The type of slip-band he would expect 
to find if the outside skin were only stretched as much as the elastic 
deformation of the interior would be so small as to be practically 
undetectable under the microscope. Nevertheless, the suggestion that 
the outer layers had a somewhat lower elastic limit than the interior 
more restrained portions of the piece of metal was interesting, and he 
thought might be quite well founded. He desired to deal with one or 
two questions of detail in connection with the experimental results 
that the authors produced. In the first place, the table on p. 69 gave 
the safe range of stress, the elastic limit, and the first surface move- 
ment stresses for a number of materials. He had no quarrel with the 
authors’ figures for brass and open-hearth steel, but their figures were 
quite wrong for copper and nickel. Annealed copper was stated to 
have a safe range of stress of 11-5 tons per square inch, but an elastic 
limit of 4 tons per square inch. The latter figure was surely much 
too high. The elastic limit of properly annealed copper was so low 
as to be indeterminable on the ordinary extensometer tests. Person- 
ally, he would say the elastic limit was not more than one-tenth or 
two-tenths of a ton‘at the most. In the case of nickel, he thought 
the authors had made a still more serious error. In the first place, 
the fatigue range of pure nickel was nothing like so high as 37 tons 
per square inch ; it was of the order of 24 to 26 tons per square inch ; 
a well-marked yield point occurred at about 8-0 tons per square inch, 
and the elastic limit was much below that. The differences which the 
authors suggested existed in those cases were therefore very much less 
than the figures given. He thought it would be correct to say that 
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the difference between the elastic limit and the first surface movement 
in the case of pure copper and pure nickel was very small. He hoped 
the authors would look into those figures before they replied in writing, 
because he thought it would be a great pity to let them stand if what 
he had said was correct. With regard to the question of heat bursts 
during fatigue test, he did not think the evidence the authors adduced 
in the paper was by any means conclusive in support of their theory. 
Heat bursts could be accounted for more easily by assuming that the 
metal was deformed not only at the outside, but throughout its mass. 
The work done in deforming the metal would cause the bursts of heat, 
whether on the surface or inside. The view of Gough and himself 
was that the heat was generated by general deformation throughout 
the material. Perhaps in the very early stages the surface might be 
the only part that entered into it, but at stresses much below the 
fatigue limit he believed the mass of metal was deformed, and not 
only the surface. Finally, he would like to suggest that failure of a 
piece of metal did not necessarily take place at the outside, as the 
authors seemed to suggest. That was particularly the case in pure 
tension. He thought a pure tension fracture more usually started in 
the centre of the material, and a weak outside layer did not seem to 
explain the mechanism of the formation of a test-piece in tension. 


Professor C, A. Epwarps (Swansea) said the authors dealt with a 
subject which was capable of being experimentally tested, and yet 
had not carried out a single experiment. He appealed to them to 
cultivate patience, and make a serious effort to obtain the experi- 
mental evidence usually associated with scientific inquiry. It would 
have been much better if they had waited to obtain the results of some 
experiments of their own, so that it might be possible to judge how 
valuable their views were. Perhaps the answer to that was that 
evidence was given in the paper, but he asked the members to examine 
such evidence as was given. The authors quoted some figures from 
Unwin’s book. He (Professor Edwards) had consulted Unwin’s book 
again, and he found that the first set of figures was utterly useless 
from the point of the influence of the diameter upon the yield point. 
Unwin took a specimen, strained it, and obtained the yield point in 
that condition ; then he annealed it, strained it again, and obtained 
the yield point in that condition, and repeated the process eight times. 
At the end of his experiment he had therefore a specimen which had 
been strained and annealed eight times, and, it had to be borne in mind, 
strained to that particular degree and annéaled at that particular 
temperature which it was now known was associated with crystal 
growth. Hence in those tests the effects of repeated annealings and 
strainings were being tested, and not the influence of the diameter of 
the specimen. In the next set of figures the authors referred to wires. 
If reference were made to those figures it would be found that the 
most remarkable feature about them was their inconsistency. He 
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thought there was only one figure that was really in line with what 
the authors would like to have, namely, the last ; but there was still 
more to be said about that in connection with what the authors con- 
sidered to be the best set of figures they had. If the analyses, so far 
as they were given, by Unwin were consulted, in the next set of figures 
it would be found that the carbon variations were in accordance with 
the changes in the yield points. There were figures given for the 
phosphorus or manganese content, and in view of that fact the figures 
were utterly useless for the authors’ purpose. The next set of figures 
for thin tin sheets were not even accurately recorded. He had the set 
of figures with him, but if they were read as they were given in the 
paper it looked as though the yield point was fixed, but in Unwin’s 
book, for each set there was an indication that the yield point varied 
from 14 to 16:6, from 15 to 19-2, and so on. The authors had taken 
the maximum figures, for which there was no justification at all. 

In the next set, quoted from Professor Dalby’s works, there was 
only one that was of any use ; the others were well within experimental 
error, and they were not all in the direction that the authors would 
like them’ to be. Turning now to the best set of figures, on the face 
of them they looked quite satisfactory, but they were not really so 
when they were examined. It was true that the figures varied in 
accordance with the diameter; but how did the authors know that it 
was only the particular kind of surface effect they were looking for 
that was being examined? Possibly it was a surface effect in one 
direction or another, but not necessarily in the direction that the 
authors supposed. The specimens had been worked to different 
degrees, and the facility with which that work came out on annealing 
varied with the degree of work that was put upon the specimen. The 
wires had been annealed in different pots. Although the annealing 
might be quite reliable from a commercial point of view, it was impos- 
sible to rely on a commercial annealing when an endeavour was being 
made to pick out very small differences. It was necessary to have 
scientific annealing in dealing with scientific questions. Further, in a 
box, even if it was the same box for the different annealed wires, it 
could not be said that the variations described were due to the effect 
_ of the surface crystals themselves, because annealing operations, even 
in iron borings, were not really inert. There were differences in the 
ratio of surface to mass in the various wires to start with, and the 
gases in the boxes might affect the wires to different degrees, according 
to their diameters. 

The theory put forward by the authors in their paper was a very 
interesting one. It was one which all metallurgists would more or less 
expect, because evidences of yield before the elastic limit had been 
recognised for a long time. He (Professor Edwards) had confined his 
remarks to the tensile, and did not think he need say anything more 
about that, other than that the authors might have made a tentative 
calculation of the influence of surface crystals in that connection, 
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when he ventured to think they would have found it could not be 
sufficient to be experimentally detected in ordinary specimens of steel. 

It was pointed out by Pfeil and himself that it did not neces- 
sarily follow that because surface crystals were obtained with iron 
and not with aluminium there was a fundamental difference in the 
deformation. It was necessary to remember that Professor Carpenter 
annealed his specimens at 500°, which was very near the melting 
point, whereas Mr. Pfeil and himself could not anneal theirs above 
900°, which was at a much lower relative temperature. If it had been 
possible for them to get the same relative temperature in relation to 
the absolute melting point, then it might have been possible for the 
surface crystals on iron to be absorbed. 


Dr. W. H. Harrreip (Sheffield) said that Professor Edwards had 
said practically everything that he would have liked to say. He 
agreed with the remarks Professor Edwards had made, and thought 
Professor Thompson should not have taken the evidence of Table II. 
seriously. The variables introduced in manufacture were such as 
entirely to disqualify those figures from any serious considetation. 


Dr. THompson, in reply, said that in view of the shortness of the 
time available he would reply to Dr. Hanson’s remarks in writing, 
and confine his verbal reply entirely to Professor Edwards’ remarks, 
because apparently they opened up the most serious issue. Professor 
Edwards, who had criticised the data provided in the paper, appeared 
absolutely to have missed the paragraph which showed that the authors 
were at least as fully aware as he was of the uncertainty of some of 
the experimental evidence given prior to Table II. The authors 
stated definitely on p. 66: “It would probably be possible to dis- 
credit any one of these sets of figures, but since they all point in the 
same direction and to the conclusion that as the surface increases the 
elastic limit falls, the combined value of all the results is cumulative.” 
He thought both Mr. Millington and himself would be perfectly pre- 
pared to cut out the whole of the figures on p. 66, and still stand 
absolutely by their theory. In the first place, no criticism had been 
levelled against the very interesting and, he thought, incontrovertible 
results obtained by Dalby, which were given at the bottom of p. 66. 
The criticism of Professor Edwards, supported by Dr. Hatfield, with 
regard to the figures on p. 68, controverted itself on the face of it. 
Professor Edwards had pointed out how many irregularities could 
conceivably crop up, and yet if those irregularities occurred the obvious 
and only possible conclusion that could be arrived at with regard to 
them would be that the results would be exceedingly erratic, and, 
instead of falling absolutely on a fair curve, would be all over the 
place. It only required a few minutes’ serious attention to the point 
in question to realise that Professor Edwards’ criticism refuted itself. 
If the members looked at the curve plotted in Fig. 2 they would find 
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that those points, instead of being all over the place, fell absolutely 
on a curve which followed the line that the authors’ theory demanded. 
Incidentally, the maximum experimental error of temperature was 
certainly less than 10° in that particular case. It was only necessary 
to look at the results in a fair spirit to realise the fact that the 
irregularities which had been brought into consideration could not 
play any serious part at all. He desired to emphasise the point, how- 
ever, that Professor Edwards’ criticism referred to only one section 
of the paper. If the paper consisted of those figures by themselves, 
the criticism would be stronger than it was, but Professor Edwards 
did not in any way touch upon any of the other points that had been 
introduced. The results of Tammann and Handford, the appendix 
on the quenching of steel, and the results of Jeffries on the effect of 
hydrostatic compression, pointed in exactly the direction that the 
authors required them to point. Further than that, Professor Edwards 
ultimately proceeded to a consideration of the compression of the 
surface crystals in iron and aluminium. Personally, he (Dr. Thompson) 
was not at all sure that it would not be possible to cut out the com- 
pression of the aluminium crystal altogether. In that connection he 
would summarise very briefly what Professor Edwards and Mr. Pfeil 
themselves had obtained. They showed that when the peculiar 
crystals of iron, which they so beautifully obtained, were produced by 
ordinary tension, whatever the cause was, the surface crystallisation 
was different from that at the centre, except in those cases in which 
they had applied more compression at the surface by rolling. Professor 
Edwards’ own work on the subject was, perhaps, the strongest piece 
of evidence that could be wished for that the surface deformation 
was different from the deformation at the centre. That, very briefly, 
was the position the authors took up. First of all, they were fully 
aware of the irregularities possible on p. 66, but it was to be emphasised 
that they all pointed in the same direction. He thought he had com- 
pletely replied to the question raised in regard to the irregularities 
in annealing of the wires. Those wires were admittedly annealed 
under commercial conditions, but they were annealed as carefully as 
it was possible to carry it out. If the irregularities which Professor 
Edwards suggested existed, it would have been impossible for all the — 
points that were obtained to fall so beautifully on the curve. Finally, 
Professor Edwards’ own work on the big crystals of iron appeared to 
be as strong a confirmation of the authors’ own theory as it was possible 
to imagine. 
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CORRESPONDENCE. 


Mr. U. R. Evans (Cambridge) wrote that Professor Thompson and 
Mr. Millington’s paper would seem to establish a fact of great import- 
ance—namely, that in a polycrystalline specimen deformation com- 
menced more easily at the surface than in the interior. That could, 
however, be accounted for in a manner independent of the authors’ 
special theory of “ easy-glide,” and the alternative explanation might 
perhaps appeal to anyone who might not have accepted the “ easy- 
glide” view in its entirety. 

As pointed out elsewhere,! the elongation by gliding of a “ single- 
crystal” rod of metal need not involve any disorganisation of the 
crystal structure, although a “stepped” outline would necessarily 
arise at the boundary of the specimen, where the various slices had 
glided relatively to one another; the only work done—other than 
against friction—was accounted for by the slight increase in the surface 
energy connected with the increase of surface. But in a polycrystal- 
line specimen the “ steps ”’ which would have to appear at the edges 
of contiguous crystals, in the event of that regular gliding, would not, 
in general, fit in with one another ; hence of necessity there must be 
some disorganisation of the stable crystal array at the grain boundaries, 
and probably on the gliding-planes also. That that really occurred 
was confirmed by the fact that when specimens of worked metals were 
annealed, recrystallisation (the return to the stable array) commenced 
first at the grain boundaries, as found by Carpenter and Elam 2 in 
aluminium, or along the gliding-planes, as found by Adcock ° in cupro- 
nickel. It was preferable to assume that deformation had produced 
gradual disorganisation in those regions rather than to postulate the 
formation of a definite “vitreous phase,” as suggested by Beilby ; 
for the “ probability ” of recrystallisation occurring within unit volume 
seemed to increase gradually, not only with the degree of deformation, 
but also with the temperature of the subsequent annealing, as had 
been indicated by researches on several metals carried out recently 
by Dr. Cook and the writer.* 

Clearly additional energy would be needed during the elongation 
of a polycrystalline specimen to bring about the disorganisation 
referred to; thus, owing to the mutual interference of contiguous 
crystals with regular gliding, the stress needed to cause permanent 
deformation in a polycrystalline specimen would exceed that needed 


1 U. R. Evans, Journal of the Institute of Metals, 1921, vol. xxv. p. 298. 

2 H. C. H. Carpenter and C. F. Elam, Journal of the Institute of Metals, 1921, 
vol. xxv. p. 259. 

3 F. Adcock, 2bid., 1922, vol. xxvii. p. 73. 

4 M. Cook and U. R. Evans. Paper about to be published in Transactions of 
the American Institute of Mining and Metallurgical Engineers. 
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in a single crystalline specimen. Hence, the strength of the single- 
crystal specimens would be less than that of polycrystalline specimens, 
as found by Carpenter and Elam,' whilst, in comparing different poly- 
crystalline specimens of the same grain-size, the more slender speci- 
mens would have a smaller apparent yield-stress than the stouter 
specimens, as indicated clearly in the present paper. 

It should not, however, be forgotten that during the stressing of 
a bar of any material—whether crystalline or glassy—the load per 
unit area applied to the surface would in general be different from that 
applied to the interior. Where surface blemishes occur, the local force 
per unit area might vastly exceed the average force per unit area in 
the interior. 


Dr. Tompson and Mr. Mixuineton wrote, in reply to the corre- 
spondence, and in further reply to the oral discussion, that they were 
glad Dr. Hanson was in general agreement with their conclusions, even 
if his approval were a little qualified, especially so as his work with 
Gough had been freely considered. With regard to his main point, 
that the surface could only stretch so far as it was allowed to by the 
elastically strained interior of the test-piece, they were in general 
agreement. At the same time that did not necessarily mean that the 
elastic limit at the surface was merely fractionally lower than that 
within the mass. An outer layer with a low elastic limit would not 
move appreciably, though it might well deform sufficiently to show 
slip-bands, so long as it was supported by a stronger interior, but it 
would mean that that interior would have to carry more of the load— 
namely, its own share and most of that of the surface portion. The 
points which the authors wished to make, if the surface layer, owing 
to lack of support externally, was less able to withstand stress than the 
material as a whole, were: 

1. In those cases where the maximum stresses, by ordinary calcu- 
lation, existed on the surface, as, for example, in bending and torsion, 
the stress distribution would be very materially affected and definite 
elastic failure of the surface layers might take place before the interior 
failed elastically. 

2. In those cases where the stress distribution was supposed to be 
uniform over a section, as, for example, in an ordinary tensile test, 
elastic failure of the surface, such as would be revealed by an extenso- 
meter, probably would not take place before that of the bar as a whole. 
At the same time, the weakness of the surface layer must necessarily 
throw more stress on the interior and, whilst that interior would have 
the same elastic limit in all cases of identical material, the elastic limit 
of the specimen as a whole, calculated on the assumption of an even 
stress distribution over the whole section of the bar, would decrease as 
the proportion of the weak outer layer to the interior increased. 

1 H. C. H. Carpenter and C. F. Elam, Proceedings of the Royal Society, 1921, 
vol. c. [A], p. 329. 
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To make that point clear let, 


D = diameter of a test-bar ; 

5 = thickness of the weak outer layer ; 
t elastic limit of the bar as a whole ; 
i elastic limit of the interior ; 

t, = elastic limit of the outer layer ; 


then 
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From that equation, clearly if t,, f:, and 6 were constant, ¢ increased 
as D increased. 

Concerning Dr. Hanson’s second point, with regard to the values 
of the fatigue limit in the copper and nickel, the authors would point 
out that the figures were not theirs, but were obtained, as mentioned 
in the paper, by Handford working under Professor Desch. It was 
probable that the two metals mentioned were by no means pure, but 
that fact did not affect the value of the results to the authors. The 
results, on whatever were the metal, showed beyond doubt that in all 
the samples quoted the stress at which the first signs of permanent 
surface failure occurred was far below the ordinary working stresses, 
and also very far below the values given for the fatigue ranges. The 
heat bursts, to which reference was made by the same speaker, might 
in part be due to deformation of the metal in the interior of the test- 
piece, but if it were conceded that the initial stages of the deformation 
were purely surface, as Dr. Hanson appeared to be willing to do, their 
point was satisfied—namely, that they, the heat bursts, were due initi- 
ally to surface movement, and that in the absence of free surface such 
deformation would not occur. The final point made by Dr. Hanson, 
that ultimate breakdown of the metal occurred at the centre of the 
test-piece, might very well be true. As Merrils! had pointed out, 
however, that was no evidence that the elastic failure took place there. 
That point had been specifically dealt with by the author mentioned, 
who quite independently of the authors, and from purely experimental 
grounds, came to the conclusion that the seat of the elastic failure was, 
in the first instance, the free surface. 

Passing on to a further reply to Professor Edwards’ discussion, the 
authors desired in the first place to emphasise that the appeal to them 
to cultivate patience was perhaps a little unnecessary. For fully two 
years the authors had been considering the subject-matter of the paper, 
and it was not until they were sure of their ground that anything 


1 Carnegie Scholarship Memoirs, 1924, vol. xiii. p. 83. 
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had been mentioned. The remarks that they had not, in that case, 
carried out experimental work was true; but if that work had already 
been done, and in the case of the wires done well, they failed to see the 
necessity of wasting time repeating the results which had been obtained. 
Mention was made of the possibility of grain-growth after stressing the 
steel to the yield point and then annealing it. Was Professor Edwards 
quite sure that in a steel with apparently fully 0-2 per cent. carbon 
that the conditions specified did produce marked growth? The con- 
ditions were clearly very widely different from those which obtained 
in his own work with Mr. Pfeil, and it should be very definitely recognised 
that the carbon affected the growth markedly. It was also of interest 
that Unwin himself said that after the straining and annealing the 
steel “‘is completely restored to the condition before overstraining.” 
Professor Edwards appeared to have overlooked the difference between 
steel and his iron specimens with respect to the treatment. The 
remarks made about the inconsistencies of the results on Unwin’s wires 
and Dalby’s tests lose all their weight when impartially reviewed. It 
was true that they were by no means so regular as were the figures for 
the wires in Table If. No special precautions, however, were adopted 
in the tests, and the variations certainly did not much exceed the prob- 
able experimental error. Broadly, both sets of results agreed with the 
authors’ hypothesis. The results given for rails of different sections 
were also criticised by the speaker. It was quite true that the carbon 
contents varied in the same direction as the values for the elastic limit. 
The authors doubted, however, whether on more mature consideration 
Professor Edwards would still seriously suggest that a variation of, in 
the limiting cases, 0-04 per cent. carbon was responsible for a differ- 
ence of elastic limit of nearly 5 tons per square inch. He was mistaken 
in the statement that Unwin gave figures for either the phosphorus or 
the manganese content. Professor Edwards appeared to have obtained 
that erroneous idea from another table on the same page which had 
no relation to the figures quoted by the authors. The authors took 
the most serious exception to the statement of Professor Edwards 
that the figures for the plates were not accurately recorded. There 
were many factors which might lower the yield point considerably— 
inclusions, overannealing, excentric loading in the test, scratches on 
the specimen, &c. The chances of obtaining a yield point on the high 
side were, however, much smaller, and the maximum values given by 
Unwin were far more likely to give the true results than others. Lest 
Professor Edwards’ remarks should lead others to believe that the 
authors had deliberately attempted to deceive readers of the paper— 
and it was difficult to imagine what other interpretation the remarks 
made could have—the figures as recorded were given below : 

Thickness ininches . 0:12-0:13 0-13 0:14-0-2 0-18-0-2 0-23-0-30 

i i er 
Se ea : . 15-7-16-6 14-24 17-28 25-31 16-4-19-3. 
Maher ds, foe. 716-2. og [17-0 - R19 20 55 
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Whether the maximum figures were taken, as the authors did, or the 
mean values given above, or the minimum ones, the variation of the 
results-was still in the same direction. 

With regard to the figures in Table II., the authors had already 
pointed out that the regularity of the results was itself a disproof 
of the attitude adopted by Professor Edwards. It might modify his 
conclusions in that matter if they mentioned that each figure given in 
Table II. was the mean of six tests, each on a separate coil of wire, each 
set of coils being annealed separately for experimental purposes. For 
the elastic limit the extreme variation found for the six coils was only 
half a ton, and in the average the error could not possibly reach that 
- value. The elastic limit, however, had fallen 4 tons. It was also 
suggested in Professor Edwards’ remarks, and by Dr. Hatfield, that 
decarburisation was responsible for the variation. The authors’ word 
would have to be taken that that was not the case, but quite apart 
from that it would be of interest to know how either speaker was 
prepared to reconcile his suggestion with the fact that the maximum 
stress was constant throughout within the limit of experimental error. 
If decarburisation, which reduced the tensile strength from the first 
to the last wire only 0-4 ton per square inch, reduced the elastic limit 
3:4 tons and the yield point 4 tons per square inch, that even would 
be of itself proof of the enormous importance of the surface on elastic 
failure. Further consideration of the results would, they felt sure, 
cause Professor Edwards to modify his views considerably. 

What Professor Edwards meant when he asked the authors to make 
“a tentative calculation of the influence of surface crystals,’ the 
authors were unaware. So far neither they nor anyone else were in 
a position to do that, and they would be glad if Professor Edwards 
could tell them how to do it. What the temperature of annealing of 
the crystals of aluminium and iron had to do with the question as to 
the difference of the behaviour of the two metals, they also were unable 
to see. That the two metals did behave differently was clear from 
the published photographs, and the authors would leave the question 
for anyone sufliciently interested to consider for themselves. Finally, 
they would point out that they were still unaware whether Professor 
Edwards agreed with their hypothesis or not. His criticisms dealt 
with only one portion of the facts produced and there did nothing to 
disprove them. Assuming that he was not in agreement, the authors 
would suggest that he read the paper by Merrils in the last Carnegie 
Memoirs, where conclusions identical with those of the authors had 
been reached independently and from purely experimental con- 
siderations. 


Mr. Evans was in, at any rate, partial agreement with the hypothesis . 


dealt with in the paper, and the authors were glad of the contribution. 
Whether their own or Mr. Evans’ explanation of the phenomenon was 
the correct one would have to remain for the moment unsettled. 
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PAR etn TROD UCLION: 
By WattTER RosENHAIN, D.Sc., F.R.S. 


THE present paper contains the first results of a research on the 
alloys of iron which was commenced rather more than a year ago, 
under the auspices of the newly formed Ferrous Alloys Research 
Committee. For a considerable period of years, dating from 1890 
to 1921, the Alloys Research Committee of the Institution of 
Mechanical Engineers was responsible for the conduct of a long 
series of important metallurgical investigations. While some of 
the Reports to that Committee dealt with iron and steel, the ten- 
dency of its activities during more recent years has lain strongly 
in the direction of non-ferrous alloys, and particularly of alloys 
of aluminium. With the publication of the Eleventh Report in 
1921, however, it was felt that while finality could not be reached 
in research of this kind, a definite stage had been attained: con- 
sequently, it seemed desirable to devote future attention to the 
study of other metals. It was suggested by the present writer, 
and the suggestion was warmly approved by the Alloys Research 
Committee, that the study of the alloys of iron was now of par- 
ticular importance. In the case of the alloys of aluminium, results 
of considerable value had been obtained, principally by means of 
the detailed study of the constitution of a number of complex 
alloy systems, developed from the previous study of the simpler 
alloys. Although a very large amount of research work has been 
devoted to the study of the alloys of iron in the form of steel, it 
seems that a satisfactory foundation for a full knowledge of the 
constitution of the alloys of iron itself is still lacking, mainly 
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because the actual alloy steels which have been studied contain a 
varying amount of carbon, which exerts so profound an influence 
upon them that a knowledge of the simple binary alloys of iron 
and other elements in the absence of carbon has still to be obtained. 
It may confidently be anticipated that the study of the consti- 
tution, structure, and properties of binary alloys of iron with other 
elements, in the first place in the absence of carbon, will yield im- 
portant results. Such results may be looked for in many different 
directions. Some of the binary alloys themselves, free from carbon, 
may prove to have exceptionally valuable properties which would 
be discovered, since the physical properties of the alloys are to be 
studied as far as possible at the same time as their constitution 
and structure. The central fact, however, is that a knowledge of 
the constitution of the binary alloys of iron in the absence of carbon 
is necessary as a foundation for a satisfactory knowledge of the 
ternary and quaternary alloy systems, which include all the well- 
known alloy steels, and no doubt cover a whole range of other 
steel alloys whose properties yet remain to be discovered. This 
great field has hitherto been explored mainly by methods of trial 
and error, with the result that although a number of most 
important materials have been developed, it is unlikely that the 
possibilities have been exhausted. Jor example, the recent pro- 
duction in America of a magnetic alloy of remarkable properties 
in the iron-nickel series (Permalloy) shows how much yet remains 
to be discovered. Fundamentally, the difficulties which beset an 
understanding of the constitution of alloy steels arise from the 
fact that the presence of carbon complicates their behaviour to 
such an extent that a complete study of the ternary equilibria ig 
necessary. As a basis for this study the thorough exploration of 
the binary alloys of iron with the more important elements, such 
as nickel, chromium, manganese, &c., and also with oxygen, is 
essential. 

A programme of investigation of the kind indicated is obviously 
very wide and abounds with experimental difficulties, which arise 
from the high temperatures involved in the production of iron 
alloys and from the ease with which the alloys are contaminated 
either by oxygen or carbon, or both. The production of pure iron 


alloys in the Laboratory, in quantities sufficiently large to allow of © 


the study of physical properties as well as constitution, implies the 
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initiation of a research on a scale at least as large as that on which 
the investigations of aluminium alloys have in recent years been 
carried out at the National Physical Laboratory. 

In order to make it possible to carry out a programme of this 
kind, involving a large annual expenditure continued over a con- 
siderable number of years, Sir John Dewrance, K.B.E., then acting 
as Chairman of the Alloys Research Committee, brought about 
the formation of a new Committee called the Ferrous Alloys 
Research Committee which, unlike the old Committee, is not 
connected with any one society or institution, but is composed of 
representatives of a number of the leading scientific and technical 
societies and institutions, including the Royal Society, the 
Institution of Civil Engineers, the Institution of Mechanical 
Engineers, the Institution of Naval Architects, the Institution of 
Electrical Engineers, the Iron and Steel Institute, and the Institu- 
tion of Mining and Metallurgy. Under the auspices of this Com- 
mittee, and with the concurrence of the Advisory Council of the 
Department of Scientific and Industrial Research, a beginning has 
been made upon the programme of Ferrous Alloys Research, but 
not as yet on the full scale that is desirable. Thus, the physical 
tests on iron and iron-oxygen alloys described below in the 
attached paper by Tritton and Hanson have of necessity been 
carried out on unduly small samples, owing to the great cost 
in time and money which would have been involved in the 
production of these materials in larger quantities. 

It is, perhaps, desirable to indicate the nature of the work in- 
volved in a research of this kind, in order to explain the require- 
ments in experimental equipment and trained workers essential 
for its satisfactory progress. A preliminary step in the study of 
these alloys is the provision of materials of the highest purity. 
Tron itself must be obtained free from all measurable admixtures, 
and the same applies to the alloying elements, such as chromium, 
manganese, &c. It has proved impossible to obtain them com- 
mercially, and their preparation in the Laboratory has had to 
be undertaken. As considerable quantities are required, this has 
already occupied much time and equipment: in some cases the 
methods of producing the pure metal have themselves involved a 
lengthy and difficult research, for which special apparatus has had 
to be developed and constructed. 
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The melting of such pure metals and their alloys, so as to avoid 
contamination by traces of carbon, has also proved a matter 
requiring prolonged experimental work. During the earlier 
stages of the investigation the best furnaces available were the 
‘‘ oraphite-ring ”’ type of electric resistance furnace which has 
been developed at the National Physical Laboratory, and in 
these it was essential to evolve a type of refractory muffle which 
would protect the molten metals from carbon at temperatures 
near 1600°C. ‘The use of these furnaces and of such methods 
of protection is still essential for obtaining high-temperature 
thermal curves of the alloys. More recently, the work has 
been much facilitated by the use of the Ajax-Northrup high- 
frequency induction furnace. Even with this apparatus, which 
is a costly item of laboratory equipment, considerable diff- 
culties have had to be overcome, while the quantity of iron 
alloy which can be melted, in the total absence of carbon, in 
the 25 K.V.A. size of furnace is much too small to allow of satis- 
factory physical testing. 

A further series of fundamental difficulties arises from the high 
temperatures used and the great chemical activity of the molten 
metals and their vapours. Special methods of protecting thermo- 
couples and of preparing highly refractory and resistant crucibles 
have had to be developed. Some reference to these is made in the 
attached paper, while a fuller account of the methods of producing 
crucibles is to be published elsewhere by Tritton. 

The efficient conduct of a research of this magnitude requires, 
in addition to extensive experimental equipment, the services of 
a considerable staff of trained research workers and of subsidiary 
assistants. A number of alloy systems can be most satisfactorily 
studied simultaneously, since such an arrangement makes progress 
possible at a reasonable rate and allows expensive apparatus to 
be more continuously used. It hag the further advantage 
that many difficulties common to various alloy systems can be 
simultaneously attacked and overcome. In this connection it is 
desirable to point out that the present research, while it is being 
carried out under the immediate personal direction of the writer, 
is the work of an organised team of research workers, includ- 
ing metallurgists and chemists, who work in the closest possible 
co-operation. Further, much important help is also given by 
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members of the staff of other Departments of the National 
Physical Laboratory. The Physics, Electrical, and Engineering 
Departments may be particularly mentioned. 

Some difficulty arises in regard to the authorship of papers 
representing the results of collaborative work of this kind ; in the 
present case the results will be published, when approved by the 
Ferrous Alloys Research Committee, in the form of a series of 
papers in the names of the research workers who have been mainly 
concerned with that particular portion of the work. <A general 
heading and, when required, introductory remarks will, however, 
serve to preserve the continuity of the whole series of researches 
and to indicate the present author’s responsibility for the research 
as a whole. 
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PART II—IRON AND OXYGEN. 


By Frep. 8, Trirron and D. Hanson, D.Sc. 
(National Physical Laboratory). 
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Tue effect of oxygen on iron has been investigated by a number 
of workers, the most recent publications on the subject being by 
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Picard,! Stead,2 Whiteley,? and others. The work of these inves- 
tigators has partly been concerned with methods of estimating 
the amount of oxygen in iron, and partly with the solubility of 
oxygen in solid iron and its effect on the etching of iron with cupric 
reagents. ‘The present research has for its object the determina- 
tion of the constitution of the iron-oxygen alloys, and the effect 
of oxygen and iron oxide on the mechanical and physical properties 
of iron. 


MATERIALS. 


Iron.—The purest iron readily available in reasonable quan- 
tities at the commencement of the research was commercial 
Armco iron, the average analysis of which was found to be as. 
follows : 


Per Cent. 
Carbon : A 4 2 < - PO OIE 
Silicon ; F d d é : - 0-015 
Sulphur. : 3 : . 2 - 0:02 
Phosphorus ‘ : : : : 5 WoWHllss 
Manganese . c 4 6 5 4 5 Wamy 


This was used in some preliminary work, but later the 
material was found to be unsuitable, and arrangements were 
made for the production of electrolytic iron in the necessary 
quantities at the Laboratory. 

For this purpose a chloride bath was preferred to a sulphate 
bath, since it is impossible to remove all traces of electrolyte from 
the deposited. metal by washing; on remelting, however, any 
chloride residue would be evaporated, whereas sulphate residue 
would probably react with iron and leave traces of sulphide in the 
metal. 

The method of Cain, Schramm and Cleaves * was used. The 
electrolyte consisted of a solution containing 288 grammes of pure 
ferrous chloride and 57 grammes of pure sodium chloride per litre 
of water. Armco iron anodes were employed, with a current 


1 “‘ The Oxygen Content of Iron and Steel,” Jron and Steel Institute : Carnegie 
Memoirs, 1916, vol. vii. 

2 “Solid Solution of Oxygen in Iron,” Journal of the Iron and Steel Institute, 
1921, No. I. p. 271. 

3“ Cupric Etching Effects produced by Phosphorus and Oxygen in Iron,” 
Journal of the Iron and Steel Institute, Ibid., p. 277. 

4 Bulletin of Bureau of Standards, 1916-17, vol. xiii. 
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density of 0:6 ampere per square decimetre, the solution being 
used cold. 

The average chemical analysis of this material as deposited is 
as follows : 


Carbon : : : : ; : . trace 
Silicon f ; : : é : , nil 
Sulphur. ; : : : , 4 ail 
Phosphorus 3 ¢ ° ; : x + bil 
Manganese . 5 ; : : : 5 Saul 


The oxygen content of clean-looking pieces of electrolytie iron 
in cathode form was found to be 0-277 per cent. 

This appeared to be due to the formation of rust in the iron, 
which was deposited in a slightly porous form. It was not found 
possible to prevent rusting, although the greatest care was taken 
in drying the material. The presence of this oxide was a great 
source of trouble in obtaining melts of iron free from oxide. The 
oxygen was estimated by the usual methods, but with special 
refinements, a description of which will be published elsewhere. 

Iron Oxide——For preliminary work iron oxide was obtained 
by passing oxygen over red-hot turnings of Armco iron until they 
were completely oxidised, but the preparation was tedious and 
the results were found to be not always uniform ; attention was 
therefore turned to other sources of supply. It was found that 
ferric oxide of sufficient purity could be obtained from Messrs. 
Canning of Birmingham, whose quality “AA” was found to 
contain only the following impurities : 


Per Oent, 
Silicon é A c : c a Oe LG 
Sulphur. - c é 4 : . 0-044 
Phosphorus : : : : . trace 


This material was used in most of the work here recorded. 

Pots and other Refractories—One of the greatest difficulties of 
- this research was to obtain pots and other refractory articles suit- 
able for the work. The only pots of suitable size that could be 
obtained, after searching inquiry, were made of either silica, 
china clay, or alundum, in none of which was it found possible 
to hold molten iron containing much oxide for more than a few 
minutes, owing to the rapid attack on the pot by the oxide. A 
very small supply of magnesia pots of German manufacture was 
soon exhausted and could not be replaced. The manufacture of 
pots in the Laboratory was therefore attempted, and after con- 
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siderable experiment the technique of the manufacture of pots 
and tubing of most of the refractories has been acquired, and hag 
now become part of the routine work of the Laboratory. Thig 
knowledge of the manufacture of highly refractory articles of great 
purity is a valuable result of the present researches in ferrous alloys, 
and will be of great assistance in the future work. 

The usual methods of manufacture of pots by bonding together 
previously shrunk refractory material proved inadequate in certain 
circumstances. A new method has been developed for producing 
pots having internally glazed surfaces, of great resistance to 
chemical attack, by means of direct fusion of the refractory in an 
electric are. The refractory, which must have been previously 
melted and powdered, is placed in a suitable receptacle and spun 
under an electric are in such a way as to form in a few minutes a 
well-shaped pot having a body of highly fired material, the internal! 
’ surface of which has been completely molten, leaving a glazed 
surface on the interior of the pot. Pots produced in this way 
proved after trial of every suitable refractory material, the only 
kind able to hold molten iron and iron-oxide at the same time. 

A full deseription,of this new method, the further development 
of which may prove important, will be published elsewhere. 


PREPARATION OF ALLOYS. 


Early Work.—During the early part of this work all melting 
of alloys and heating for high-temperature thermal curves was 
done in a 4-inch diameter carbon-ring furnace. To prevent 
the contamination of the melt with carbon, an almost gas-tight 
refractory muffle was necessary, which reduced the available pot 
space to a diameter of about 12 inch. Pots had therefore to 
be of certain rather strict dimensions in order to give melts of 
sufficient weight for thermal curves, microscopic examination, and 
chemical analysis. The most convenient melt was found to be one 
of 50 grammes weight. Later a high-frequency induction furnace 
(Ajax-Northrup) was available, and proved an invaluable help by 
making possible the melting of iron in vacuo or hydrogen, which 
could not be done in the carbon-ring furnace. 

A series of cooling curves was first taken, starting from pure 


1 Rosenhain and Coad-Pryor, Transactions of the Faraday Society, 1918. 
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iron and going on to alloys of iron having increasing quantities of 
oxide. These cooling curves were taken from above the melting 
point of iron down to about 640° C. Armco iron was melted in an 
atmosphere of nitrogen, as pure as 1t could be maintaimed under 
the existing conditions, which are not very favourable, as the top 
of the muffle could not be kept gas-tight, owing to the necessity 
of introducing the thermocouple, &c., at high temperatures, 
and to occasional leakage of gas through the walls of the muffle 
when very hot. 

For low-oxygen melts china-clay pots were used, while for 
higher-oxygen contents bonded pots of fused magnesia were 
employed, Pots ofalumina, alundum, chromite, zirconia, and lime 
were made and tried, but were found to crack and disintegrate with 
melts having a high-oxygen content. Magnesia pots absorbed 
oxide but seldom cracked, even when saturated right through. 
These pots were made from fused magnesia obtained in lump form 
from America. ‘The material was first crushed, ground, and treated 
magnetically to remove iron, then damped with water and moulded 
into pots, which were finally fired to about 1560° C.ina kiln. Owing 
to the restricted size of the pot, it was not feasible to line silica pots 
with alumina and magnesia as might be possible in the case of 
larger crucibles or the open hearth of a furnace. 

Thermocouples and Cooling Curves.—All the thermocouples 
used in the research were calibrated against the Laboratory 
standard couples up to 1800° C. The values above this are based 
on extrapolation, assuming the palladium point to be 1549° C. 
Occasionally the E.M.F. of the couples was also obtained 
at the melting points of gold and palladium and by inter- 
comparison with a standard optical pyrometer over a range of 
1100° C. to 1500° C. The melting point of iron obtained under 
certain conditions was found to be a useful check. 

A platinum-platinum-rhodium thermocouple was used, pro- 
tected by a refractory tube, made by extruding a mixture of china 
clay and 10 per cent. of alumina in a wet plastic state and subse- 


quently firing to 1560° C. Where magnesia pots were used it was 
_——“Tound necessary to coat the bottom of the couple protector with 


alumina to prevent reaction between the protector and the bottom 
of the pot, which at first was a source of trouble and failure. The 
procedure in taking a cooling curve was to melt the iron, then add 
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a known quantity of oxide by dropping in small briquettes of 
ferric oxide powder. The thermocouple was then inserted into 
the metal and the furnace current manipulated so as to cool the 
furnace down in a uniform manner. The melt was inoculated by 
dropping iron sawdust into the melt over the freezing range to 
prevent under-cooling, which otherwise became a source of error. 
The time factor for the penetration of the couple sheath by the 
oxide was about two minutes, so that unless the couple was put 
into the metal at just the right temperature, so that it cooled down 
and solidified in approximately this time, the couple protector was 
drilled and couple and curve were spoilt. Curves were taken on 
the Rosenhain plotting chronograph. 

By these means a series of six cooling curves was obtained on 
ingots having oxygen contents varying from 0°08 to 0°21 per cent. 
oxygen, but the freezing and other points were found to vary over 
25° C. without any apparent relation to the oxygen content. It 
was therefore obvious that couple contamination was a source of 
error to a degree not hitherto suspected. 

Microscopic examination of these ingots showed that the small 
oxide globules in the metal had a duplex structure, this being the 
result of the combination of the oxide with the impurities of the 
iron. Arrangements were therefore made, as already mentioned, 
for the production of electrolytic iron of much greater purity. 

The couple contamination testing device illustrated in Fig. 1 
was made, and proved useful in the constant checking of the 
contamination of the couple. This checking was later made part 
of the daily routine. Work was continued on these lines, using 
every effort to discover the cause of couple contamination, which 
appeared to fluctuate without obvious reason. 

The testing device consists of two water-cooled clamps 2 feet 
apart, between which the wire to be tested was stretched. A 
small flat coal-gas flame produced by an acetylene burner mounted 
on a moving carriage traversed the length of the wire. The ends 
of the wire to be tested were connected with a galvanometer. 
The flame produced a steep temperature gradient, varying from 
900° GC. to 15° GC. in an inch length of wire, which, if contaminated, 
generated a small current and caused a deflection of the galvano- 
meter. Readings were taken over the whole length of the wire, 
moving the flame 1 inch or $ an inch at a time. Contamination 
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that would cause a difference of 1° C. at the melting point of iron 
in the carbon-ring furnace would give a galvanometer deflection 
under test of about 80 microvolts, owing to the very steep 
temperature gradient produced by the flame. 

It was then found that the shape of the pot holding the metal 
appeared to influence the amount of contamination. The pot 
first used was 24 inches high and % inch in diameter, and is illus- 
trated in Fig. 2 (a). The pot was made with high walls, so that 


TO GALVO TO GALVO 


FLAME \ 
COUPLE WIRE 


OUTLET § 


JBsRee Ue 


the whole charge (50 grammes of electrolytic iron) could be easily 
introduced at once; adding metal at high temperatures to small 
melts was often found to lead to disaster. In order to prove that 
the shape of the pot was of importance, iron was first melted down 
in the high pot to a compact ingot approximately 3 inch by 2 inch 
without taking a cooling curve ; the top of the pot was cut off to 
within 4 inch of the top of the melt and the ingot remelted in the 
same pot and a cooling curve taken. This at once effected a great 
improvement in couple contamination, which appeared to be 
caused by the iron vapour penetrating the couple protector ; the 
tall pots greatly assisting in keeping the vapour closely around 
the protector and causing contamination. 
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Using a very low-sided pot the vapour was more easily dis- 
persed by convection currents, and this was finally assisted by 
blowing a supply of nitrogen from a separate tube across the sur- 
face of the melt. Conical-shaped pots, as illustrated in Fig. 2 (b), 
were then made and used, so that the entire charge could be piled 
up above the top of the pot with comparative safety, thus saving 
the time required for the double melting described. 

Cooling Curves from 1580° C.—With these improvements a 
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new series of cooling curves was taken ‘on a fresh series of alloys 
made up in the same way as the previous ones, using electro- 
lytic instead of Armco iron. A selection of results from these 
curves are given in Table I. and illustrate the type of accuracy 
now obtained. 

Contamination was always found to be worse in the pure 
platinum wire of the normal 10 per cent. platinum-rhodium couple 
and in the part of the wire adjacent to the melt, which suggested 
that if a wire containing a little rhodium could be substituted for 
- the pure platinum wire an improvement would result. This was 
done, and some wires containing 5 and 20 per cent. rhodium were 

1924—ii. H 
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prepared by Messrs. Johnson, Matthey & Co., Ltd. These 
wires gave an E.M.F. of 9930 microvolts at 1580° C. and 3050 
microvolts at 763° C.,and were found to be far less sensitive to 
contamination than the usual platinum and 10 per cent. 
platinum-rhodium couple. 


TABLE I. 


Liquidus Point. 


Observed ni : 
oe eraicietrue scl |) Delta | Gamm Bet 
Melt No. eee ahs a eee Point | ‘peak |Point Ar4.| Point Ar3.|Point Ar?. 
per Cent. | Solidification, De Oc Deg. 0. | Deg. O. Deg. C. Deg. O. 
Deg. C. Bae 
C10 0-1 1529 1529 1526 1408 845 764 
D1 0:12 1524 1525 1511 1394 847 759 
C12 0°15 1525 1526 1522 1394 865 764 
Ed 0:18 1526 1526 1519 1394 861 759 
E6 0-21 1519 1519 1509 1376 861 751 
A3 and A2 Arrest Points, obtained by reheating in vacuo. 
Oxygen 
Melt No. (by Analysis) Heating Curve. Cooling Curve. 
per Cent. 
= | 
Ac2, Ac3. Ar3, | Ar2. 
D1 0:12 763 912 885 763 
D3 0-15 767 912 885 763 
D6 0-21 763 912 889 763 


A reproduction of a cooling curve of iron from 1550° to 600° C. 
obtained with this couple is shown in Fig. 6 (a), and illustrates the 
type of arrests obtained. * 

These three improvements—viz. low-walled pot, 5/20 per cent. 
rhodium couple, and blowing nitrogen across the top of the melt 
—practically removed the trouble of bad couple contamination. 
Although a small amount of contamination was always present, 
it could now be closely followed by the testing apparatus and the 
contaminated portion of wire removed after it had passed a certain 
limit. In order to illustrate the amount of contamination ob- 
tained when using the improved methods, a number of curves are 
shown in Fig. 8, illustrating the amount of contamination obtained 
in a 5/20 per cent. platinum-rhodium couple after taking successive 
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cooling curves from 1540° C. It will be seen that the contamina- ° 


tion is slowly progressive, but can be watched with confidence by 
testing after each curve. 


In order to test the constancy of the couple a series of cooling 
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curves of pure electrolytic iron in an atmosphere of nitrogen was 
taken in succession in exactly the same way, and the observed 
commencement of freezing was found to agree to within 0-2° C. 
in three successive melts, showing that with great care considerable 
accuracy can be obtained at these temperatures. 

Freezing Point of Iron.—The freezing point of iron, determined 
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as indicated above, was found to be 15380° C., assuming a melting 
point of 1549° C. for palladium. Recent work at the Bureau of 
Standards gives a melting point of 1555° C. for palladium, and the 
melting point of iron, referred to this latter standard, is 1535° C. 

This freezing point was redetermined by melting electrolytic 
iron in an atmosphere of argon, in order to eliminate any effect due 
to nitrogen. The same freezing point was obtained. The trans- 
formation points of solid iron were also unaffected. 

This is probably a very close approach to the freezing point of 
pure iron, but the presence of about 0°1 per cent. of oxygen must 
beremembered. ‘The slight slope of the liquidus curve of the iron- 
iron-oxide diagram (see Fig. 8), however, suggests that the effect 
of this amount of oxygen must be small. 

Lower Critical Points—In order to ascertain the effect of oxide 
on the lower critical pomts of iron more accurately than was 
possible with curves taken from the melting point, a series of curves 
was obtained, using the usual heat gradient furnace, Rosenhain 
plotting chronograph, and taking the curves of the samples in 
vacuo. 

The results, which are given in Table I., show no variation of 
these arrests with varying oxide content. 

It was not found possible to obtain alloys having less than 
0:09 per cent. or more than 0°21 per cent. oxygen by the methods 
then available, as no furnace muffle could be obtained that was 
sufficiently gas-tight to allow the employment of hydrogen or a 
vacuum at these temperatures. The results of the curves in 
Table I. show that the effect of oxide content on the freezing 
points of these alloys was very small, an increase in the oxygen 
content from 0-1 to 0°2 per cent. causing a drop of not more 
than 10° C. in the liquidus. The difficulties of obtaining iron 
completely free from oxide appeared to be great, and attention 
was directed to obtaining alloys of higher oxygen content in 
order to find the saturation points. 

Maximum Solubility of Oxide in Iron.—The addition of more 
oxide to the melt produced no result, as the oxide merely ran out 
through the pores of the pot. Having thoroughly tried, without 
success, many devices to hold the oxide, including the successful 
making of pots partly composed of iron-oxide, in order that they 
might start saturated with oxide, it was decided to conduct experi- 
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ments with a view to obtaining a pot having a glazed surface 
through which the oxide could not penetrate. The experiments 
were quickly suecessful, and the pots described in the “‘ Materials ”’ 
section of the paper were obtained. One or two of these pots were 
found to hold the liquid oxide at 1540° C. without any leakage, 
with the result that two liquid layers were found, as suspected, 
and maximum saturation obtained. The method of melting was 
as follows : 

A pot was partly filled with oxide (which had been previously 
melted in a pot made of Armco iron to reduce volume), with an 
upright piece of electrolytic iron in the centre to act as a “‘ sentinel,” 
to show when the iron was melted. The oxide melted first, and 
when the iron sentinel fell and the charge was quiet in the pot the 
furnace was cooled down, the iron having been molten about two 
minutes. 

The weight of the most successful melt was 84 grammes, giving 
about 3 grammes of iron and 5 grammes of oxide for analysis. 
Other melts were obtained, but in many cases the oxide ran out of 
minute pinholes which developed at the intersections of fine cracks 
in the glaze of the pot. So far it has not been possible to produce 
a pot of magnesia which has not a few cracks in the glaze. 

Analysis of the two layers in these melts when separated gave 
the following results : 


Per Cent. 
Oxygen in theiron layer . ‘ ; Wee! 
Free iron in the oxide layer : ic 09 
HeOgeaess fe 5D c - OURO 
file, Osu - 20 0 6 . 14-0 
Si0, ” 2 2» . . . 0-40 
MgO sa, a9 a, 5 P ee) 


The oxygen content of the iron agrees well with the previous 
highest figure of 0-21 per cent. oxygen obtained with the bonded 
pots, and appears to be the correct figure for the maximum solu- 
bility of oxygen in iron at a temperature of about 1580° C. 

Melting Point of the Oxide—The determination of the melting 
point of the oxide was next attempted. First, ferric oxide was 
melted in an Armco iron pot and the temperature measured by 
means of a thermocouple in a china-clay tube, sheathed again in 
a thin tube of Armco iron. After repeated failures, due to the ex- 
treme weakness of the Armco sheath and its tendency to weld to 
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the pot at such high temperatures, a fairly successful heating and 
cooling curve was obtained, giving the following arrests : 


Arrest on heating . 6 : é ; 1362° C. 
Arrest on cooling . . < 5 . 13866°C. 


A second attempt was made, using a platinum thimble and 
fixing the bare couple into a central position in the pot, the pot 
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being filled with oxide which had been previously melted. It was 
thought that this would give at any rate an accurate melting point 
before the couple became contaminated. The only result that 
was considered to be worth recording was the first point on heating, 
which occurred at 1876°C. Three heating and cooling curves were 
taken in succession by this method, but the results after once 
melting the oxide were useless, owing to couple contamination. 
Finally, a reliable heating and cooling curve was obtained, using 
the arrangement shown in Fig. 4. The thermocouple was passed 
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through a fine silica tube which fitted into the iron tube in the 
centre of the pot, and when in position the silica tube was carefully 
bent in a flame completely round, as shown. ‘The silica bends at 
1800° C., and no harm was done to the couple inside. This arrange- 
ment reduced the heat insulation of the couple to a minimum, and 
at the same time completely protected the couple from the oxide 
for a short time and from contaminating vapours in the hottest 
zone. ‘These curves gave the following results : 


Arrest on heating . fb : A sil Cc. 
Arrest on cooling . : ; : + 1369>C, 

A reproduction of one of these curves is given in Fig. 6(p). As 
this result appeared to be accurate, it followed that the globules 
of oxide in the saturated iron were still liquid at 150° C. below the 
freezing point of iron, and should give an arrest that had not pre- 
viously been noticed. The close proximity of this point to the delta 
point of iron at 1400° C. was of interest, and it was clear that the 
two should be separated if possible. Using the arrangement shown 
in Fig. 4, a great source of difficulty was the rapid attack on the 
silica tube by the oxide continually forming in the iron tube when 
this was above the melting point of the oxide, but it was found that 
there was just time to heat above the melting point and cool down 
again before the silica tube was penetrated. All these curves were 
taken in muffles open to the air, but excessive oxidation was 
prevented by passing some nitrogen into the muffle. 

Delta and Oxide Arrest Points.—Efforts were now made to secure 
the arrest duc to the solidification of the oxide particles in iron 
containing 0:1 per cent. to 0-2 per cent. of oxygen. It was obvious 


Oxygen Heating Curve. Cooling Curve. 
Content b; 
Melt No. pee he : ; 
Per Cent. Oxide. Delta Point. Delta Point. Oxide. 
D20 0-1 1371 1407 1396 Not definite 
D24 0-21 1376 ~ 1407 1396 Not definite 


that with so small an amount of oxide present the arrest would be 
very small, and couple protection must be reduced to a minimum 
in order to observe it. After a number of fruitless attempts by 
various methods, the method illustrated in Fig. 5 was found to be 
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successful and the following arrests were obtained, that due to the 
oxide being very small but distinct on heating. The cooling curves 
were not so good. 


PORCELAIN 
TUBE 


Z 
Z 


The heating and cooling of the tube containing the specimen 
was done by altering the electric current of the carbon-ring furnace 
at a uniform rate, no heat gradient furnace for these temperatures 
being available. The production of a uniform rate of heating and 


cooling smooth enough for the detection of such small thermal 
arrests was not easy. 
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Some typical heating and cooling curves showing the variation 
in size of the oxide and delta arrests of iron with the amount of 
oxide present are shown in Fig.6. Curve 6 (8) was obtained from 
iron having an oxygen content of 0-15 percent. Curve 6 (c) froma 
specimen of iron in which a number of small holes had been drilled ; 
these recesses were subsequently filled with oxide, thus artificially 
producing iron having a number of large oxide inclusions, which 
gave an arrest point that is decisive. Curve 6 (D) was obtained 
from iron-oxide melted in an iron pot, the small delta arrest is 
given by the thin iron couple sheath. 

It was not considered possible to obtain a cooling curve of the 
two immiscible layers of iron and iron-oxide from above the melting 
point of iron, owing to the difficulty of protecting the thermocouple 
from attack. 

These results indicate that the oxide constituent of the iron- 
rich alloys does not solidify on cooling until a temperature of about 
1370° C.—a temperature which agrees well with the melting and 
freezing points of iron-oxide melted in an iron pot. 

Solid Solubility —The solid solubility of oxide in iron appeared 
to be very small, but it was thought that an increase was likely to 
occur at temperatures above the melting point of the oxide. In 
order to investigate this a number of specimens of iron containing 
0-21 per cent. oxygen were slowly heated to various temperatures 
up to the melting point of iron and quenched in water. ‘The micro- 
structure was afterwards examined and the amount of oxide 
present noted. The appearance of iron containing 0-21 per cent. 
of oxygen quenched from the melting point, when half liquid and 
half solid, is illustrated in Fig. 14 (Plate V.), at a magnification of 
100 diameters. The arrangement shown in Fig. 7 was found to be 
satisfactory for this work. To quench the specimen, the twhe A, 
with lid complete, was quickly lifted out of the muffle and the 
pot containing the specimen quenched in water. ‘The result 
showed no diminution in the amount of oxide present, indicating 
that there was no further solubility of the oxide in the iron up to 
the melting point. 

Iron Free from Oxide.—The high-frequency induction furnace 
being now available for use, a number of experiments were made to 
try and procure iron entirely free from oxide. At first electrolytic 
iron (previously purified by heating in hydrogen at 1200° C.) was 
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melted in a vacuum of about 2 millimetres of mercury, but the 
melts were not free from oxide. Then iron was melted in purified 
hydrogen, the hydrogen being sometimes passed through the 
melting tube continuously, and at other times the tube was evacu- 
ated and refilled with purified hydrogen alternately, a number of 
times, but with no better results. Finally, purified hydrogen was 
blown directly on to the surface of the metal during melting and for 
a period of fifteen minutes when molten, but the melt was found 
to contain an amount of oxide that was estimated to represent 
about 0-08 per cent. oxygen. Both china clay and magnesia pots 
were used. Although every care was taken, there appeared to 
be a small but continuous supply of oxygen from some source, 
possibly by the reduction of the constituents of the pots. 

The problem of the production of iron totally free from oxide 
therefore appeared to be difficult, and one that might almost evolve 
into a fresh research: further work on this problem was therefore 
postponed and attention turned to the production of ingots of 
sufficient size to be rolled into rods, whose physical properties 
could be tested in the usual ways. Some of the methods used for 
melting iron in the induction furnace are described in the portion 
of the paper dealing with the physical properties of these alloys. 


CONSTITUTIONAL D1aAGRAM. 


From the results so far obtained an equilibrium diagram can be 
drawn for iron containing from 0-1 per cent. oxygen up to ap- 
proximately 22 per cent., represented by the compound FeO. This 
is illustrated in Fig. 8 and shows a large range of insolubility of the 
two components, which separate into two liquid layers when 
molten. The diagram is plotted on two scales with a break 
between, in order to illustrate the results more clearly. 

The liquidus is given in the diagram by the lines AB, BC, CJ. 
The slight lowering of the liquidus to the point B, representing the 
maximum solubility of oxide in iron, is indicated by the cooling 
curves given in Table I. This drop probably amounts only to 8° 
or less, and was difficult to determine with great accuracy at that 
period of the research. The solidus of the diagram is given by the 
lines AH, HJ, and is obtained from cooling curves of both oxide- 
rich and iron-rich alloys, and is consistent with the results of 
microscopical examination of the alloys. 
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Evidence of the liquid immiscibility of oxide and iron beyond 
0-21 per cent. oxygen was obtained from melts whose compositions 
are indicated by crosses on the liquidus line BC: these melts were 
found to have formed two distinct layers of iron and oxide when 
cooled fairly rapidly from a temperature of 1545°C. A section 
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through a pot containing a melt having two layers is illustrated 
in Fig. 9, full size (Plate V.). The white centre is iron and the 
dark layer surrounding the iron at the same level is oxide. (This 
melt was obtained in one of the first fused magnesia pots made ; 
- later on pots of more perfect form were regularly produced, a 
section of one being shown in Fig. 10.) 

The solid solubility of oxygen in iron has not been determined, 
but is estimated to be about 0:05 per cent. oxygen from the 
appearance of the microstructures. The amount of visible oxide 
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present in two samples of iron containing 0-1 per cent. and 0-23 per 
cent. oxygen is illustrated in photomicrographs 11 and 12 (Plate V.) 
respectively, at amagnification of 100 diameters. From the fairly 
large variation in the amount of oxide present, it seems likely that 
no oxide should be visible if the oxide content of photomicrograph 
11 were halved. The solubility of iron in the oxide was found to 
be approximately 1 per cent., which is shown by the curved line CJ, 
and was obtained by the analysis and microscopic examination of 
the oxide from melts whose oxygen content is given by the two 
crosses on the liquidus line BC and point J. In each case the 
amount of free iron in the oxide layer was 1 per cent. The micro- 
structure of the oxide is shown in Fig. 18 ;_ the iron can be seen as 
small white spots in the grain boundaries. The dotted line JO is 
drawn at a point representing the compound FeO, but the thermal 
data of the dotted lines are not accurate, as melts containing only 
FeO were not obtained, a small amount of Fe,03 being always 
present. The dotted part of the diagram is therefore only tenta- 
tive, but at the same time the general form is probably correct. 
The lines FG, KL, MN, represent the delta, gamma, and pete 
arrest points respectively in the iron. 


PuystcAL PROPERTIES OF [RON CONTAINING OXYGEN. 


All the material for physical tests was melted in the high- 
frequency induction furnace. The maximum weight of iron ingot 
obtainable with the present apparatus is about 450 grammes. 
Three ingots having a low oxygen content (about 0-08 per cent.), 
numbered H31, F9, F10, and three ingots having a high oxygen 
content (about 0-23 per cent.), numbered H24, F11, F8, were made 
in the following way : 

Preparation of Ingots, Analysis and Rolling.—For low oxygen 
ingots the electrolytic iron was broken into small pieces of about 
half a square centimetre, these pieces were then annealed in a 
current of purified hydrogen at 1250° C. for four hours (i.e. until 
no further increase of weight was recorded in the moisture weighing 
tube) in order to remove oxide as far as possible. This metal was 
then briquetted in a small press to compact lumps that fitted into 
a pot made of pure china clay and was melted in a vacuum, which 
at no time was allowed to fall below 8 millimetres of mercury. 
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The ingots containing high oxygen were made from electrolytic iron 
that had not been annealed in hydrogen, but were briquetted as 
received from the cathode. The briquettes were melted in air ina 
bonded magnesia pot, and owing to the rapid swirling of the melt 
that is produced by the induced electrical currents, contained 
rather more oxide than the maximum solubility given in the 
equilibrium diagram. This extra amount of oxide is therefore 
due to mechanical entrapping of the oxide in the metal. Small 
ingots only were obtained in this way, owing to the shrinkage 
of the briquettes of electrolytic iron on melting. These small 
ingots were remelted, two at a time, to give larger ingots. 
This remelting was done im vacuo. 

The ingots were then hot-rolled in fourteen passes to approxi- 
mately 4 inch diameter rod, giving a reduction of cross-section 
of approximately 80 per cent. Before rolling, the ingot was 
heated in an open gas furnace to 1250° C., the temperature of 
the rod at the last pass being about 700° C. No cracking was 
observed in the-rods during rolling, but exactly similar ingots of 
Armco iron split to pieces under the same treatment. It therefore 
appears that oxygen does not cause bad “ hot-shortness ” in iron ; 
and, so far as the authors’ experience goes, there appears to be 
no brittle range at high temperature in these pure iron-oxide 
alloys. 

Attempts to cold-roll a bar of high-oxygen iron, giving a very 
small reduction, at once caused severe cracking, and therefore 
were abandoned. Further experiments in cold-rolling are described 
later. 

The results of chemical analysis of these bars is as follows : 


ve Phos- 
Oxygen Carbon Silicon Sulphur Manganese 
Bar No. per Cent. | per Cent. | per Cent. | per Cent. ae per Oent. 


E31 (low oxygen) . 0-08 trace trace trace 0-007 | trace 
E24 (high oxygen) .| 0-23 trace trace trace 0-007 | trace 


The bars were then normalised in air in an electric resistance 

furnace at 1000° C., and submitted to the following tests : 
Electrical Conductivity—The values of conductivity given 

below are referred to the International Standard for annealed 
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copper, of which the resistance of a centimetre cube is 1-7241 
microhms at 20°C. | 


Relative Conduc- 
Resistivity : tivity compared 
Sample No. Microhms for a with Copper of em eet b 
Oentimetre Cube. | Equal Volume. Bat. 
Per Cent. 
E31 (low oxygen) : 9-4 18-4 20 
E24 (high oxygen . 9-6 18-0 20 


Magnetic Permeability—Tests were made on rings machined 
from normalised bar. The rings had a diameter of 14 millimetres, 
and after machining were heated to 950° C. in vacuo and slowly 
cooled over a period of thirty-six hours. They were brought into 
successive steady cyclic states of H and B, and from the corre- 
sponding values the following table and the curves in lig. 28 were 
obtained. The grain-size of rings 81 and 24 is illustrated in 
Fig. 15 (Plate VI.), A and B respectively, at a magnification of 
about 2 diameters. 

The density was measured and found to be 7-90. 


Ring No. 2323, H24. High Oxygen. Ring No. 2324, E31. Low Oxygen. 
H. B. Me B. Be 
0-2 250 1,250 1,300 6,500 
0-4 800 2,000 8,500 21,300 
0-6 2,400 4,000 11,400 19,000 
0-8 6,100 7,630 12,600 15,800 
1:0 9,000 9,000 13,220 * 13,200 
1:5 11,670 7,780 14,000 9,330 
2-0 12,730 6,370 14,370 7,190 
3:0 13,700 4,570 14,770 4,920 
5:0 14,560 2,910 15,110 3,020 


The hysteresis loss was measured at various values of By, 
and the law connecting hysteresis loss and B,,,,, was found to be 
approximately of the form : 

Loss in ergs per cubic centimetre per cycle = nBi°,. 

The value of 7 for each material was determined : 


E24, ring No. 2323 /n = 0:00076. 
E31, ring No. 2324/n = 0-00029. 


The permeability curves obtained for the two rings are shown 
in Fig. 28. 
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NotTe.—Figs. 11 to 14, 17 to 23, 25 to 27 have been reproduced 4% original size. 
Figs. 9, 10, 15, 16, 24 have been reproduced full original size. i 
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To compare the properties of this material with those of other 
materials of high maximum permeability corresponding curves 
were drawn to the same scale as for ring No. 2824 for a sample of 
Permalloy,1 and for a sample of good annealed silicon iron. These 
are given in Fig. 29, and show B/H curves over a range H = 0 
to H =1; Fig. 30 shows the hysteresis loss curves over a range 
Bact 0st. Bees. 0,000; 

In connection with the following tests, it is important to note 

20000 


15000 


that the amount of material available from each ingot was only 
about 1 foot of rolled bar, 4 inch in diameter, and the amount 
of reduction of section during rolling of the ingots was about 
80 percent. In most cases duplicate tests have not been possible, 
and the results are therefore to be considered as indicating only 
approximately the properties of the materials. Some differences 
may be found when larger ingots are used. 

Tensile Tests—Both the samples on p. 115 consist mainly of 
a saturated solid solution of oxygen in iron, and the sole differ- 
ence between them is that the low oxygen sample contains in 
addition relatively few particles of free oxide, whereas the high 
oxygen sample contains a very large number of such particles. 
The conclusion appears justified that dissolved oxygen does not 


1 The data for Permalloy were obtained experimentally at N.P.L. from a 
sample supplied by the Western Electric Co. Slightly higher values for the 
permeability are reported by Arnold and Elmen, but the general type of the 
curve is not different from that herein recorded, 
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greatly alter the strength or ductility of iron, but that free 
oxide particles have an embrittling effect in the cold without 
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any marked strengthening effect. The limit of proportionality 
of these materials is very low, probably as a result of the absence 
of any appreciable amount of dissolved impurity in the iron. 
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E31, Low 
. . Oxygen. H24, High Oxygen. Ell, High Oxygen. 
Identification Marks on Bar. ee Normalised in Air, Normalised in vacuo. 
n Air, 


Diameter of test-piece 
(eral) 0-3573 0 -2377 0-219 0:358 0-218 

Limit of proportional ity 
(tons per square 
inch) . 2:5 4-3 Bee 3:7 

Yield stress by drop of 
beam (tons per 


squareinch) . 8-3 9:3 Sere 6-9 
Ultimate stress (tons 

persquareinch) . 15-2 * 16-2 * 18-7 
Modulus of elasticity 

(lbs. per squareinch) | 29-9 x10® | 29-5 x108 are 29-5 x 108 
Extension (gauge 

length = 4 x MeFes) 

eT: 50 4 7 10 


Reduction of area at 
fracture (approx.), 
per cent. . : 80 


bo 
i 


* This test-piece fractured in the screw thread. The test-piece was turned to 
a smaller diameter and re-tested in order to obtain the ultimate stress, elonga- 
tion, and reduction of area, which are given in the next column. 


Impact Tests—The results of notched-bar tests by the Izod 
method are as follows : 


Results of Tests. 


N.P.L. Eng. Dept. Test-Mark. Te Tease reae on Energy absorbed in Foot-Ibs. 
BUQIC E31 (low oxygen) 3:2 
BUQ2G E24 (high oxygen) 1-1 


The results show the material to be brittle underimpact. One 
of the causes of this brittleness may be the coarse grain-size of the 
iron. The crystal sizes of the test-pieces H31 and 124 are illus- 
trated in Fig. 16 (Plate VI.), A and B respectively, at natural size. 

Hardness Tests.—Brinell hardness tests were made with a ball 
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of 5 millimetres diameter and a load of 750 kilogrammes applied 
for thirty seconds. The diameters of the impressions were 
measured in two directions at right angles, and the hardness 
numbers calculated from the formula : 


int = ie 
ek 
Where H = hardness number ; 
W = load in kilogrammes = 750 ; 
A=spherical area of the impression in square millimetres calculated 
from the mean diameter. 


Results. 
Mark on Test-Piece. Mean piace OF Impression. Hardness No. 
E31, BUQIC (low oxygen) 3-52 66 
H24, BUQ2C (high oxygen) 3-46 69 


Scleroscope hardness tests were made on the sides of the 
impact test-pieces with a universal hammer, and using the glucose 
method of supporting the specimens.t The following results 
were obtained: H81=18; H24=17. 

Fatigue Tests—Fatigue tests were made on # inch diameter 
bars, the ingots having been reduced 60 per cent. in cross-section 
during rolling. The bars were annealed wn vacuo at 950° C. before 
machining. 

The following material was tested: F'8, high oxygen. 


Results. 
N,P.L, Le oe Range of No. of 

ee teal Mark, ie poe Alternat api Remarks. 

BXXI. F8, high oxygen + 6-95 13,090,000 Unbroken 
+ 7:80 10,500,000 - 
+ 8-66 13,930,000 Se 
+ 9-50 10,500,000 Ap 
+10:385 13,850,000 & 
+11-20 3,470,000 Broken 


J) 


1 Tritton, “‘ The Use of the Scleroscope on Light Specimens of Metals,” Journal 
of the Institute of Metals, No. 2, 1921, vol. xxvi. 
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The low oxygen bar was not tested, owing to an accident to the 
test-piece. 

The ratio of fatigue range to maximum stress is relatively high, 
namely, about 1-2: the fatigue range may have been raised 
slightly by “ under-stressing ” during the test, as only one speci- 
men was available for the determination of the fatigue range. 


Coup-Rouina. 


As a small amount of material was still available for test further 
experiments were made in cold-rolling. Pieces 3 inches long of the 
4 inch diameter bars of high and low oxygen content were heated 
to 950° C. and cross-rolled to form sheets 0-08 inch thick, in five 
passes. ‘These pieces were then normalised in an electric furnace in 
air at 1000° C. and cold-rolled, using small pinches of 7;75ths of an 
inch at first and later reducing the pinch to +;/55th or less when the 
metal began to harden. The low oxygen sheet rolled to 0-04 inch 
without cracking, but the high oxygen sheet cracked badly at 
0-078 inch. A piece 1 inch wide was now cut from the low 
oxygen sheet, and a small piece } inch wide, which did not appear 
to be cracked, was selected and cut from the high oxygen sheet 
and further cold-rolled as before. The low oxygen sheet rolled to 
0-0035 inch without cracking, but the high oxygen sheet began to 
crack allover at 0-O5inch. Another very small uncracked portion 
was then cut from the sheet and was further rolled to 0-005 inch 
successfully. 

The experiments appear to support the results of physical tests 
in showing that iron containing 0-1 per cent. oxygen has con- 
siderable ductility both hot and cold, but. the effect of increasing 
the oxygen content to.0-23 per cent. makes the iron “ cold-short ”’ 
and seriously impairs its ductility. 


Tor Errect or Cupric REAGENTS ON [RON CONTAINING 
OXYGEN. 


In view of the statement by Le Chatelier that the results 
of etching steel with a cupric reagent were probably due to the 
presence and distribution of oxygen rather than phosphorus, a 
number of specimens of iron having various oxygen contents 
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were etched with the Rosenhain and Haughton (or “ N.P.L.”) 
cupric reagent and Stead’s cupric reagent. 

No difference of the etching properties of ingots melted in 
hydrogen, vacuum, or air was found, the polished specimens 
etching up rapidly and showing a macro-etch of the crystal struc- 
ture. Specimens of cold- and hot-rolled rods showed erystal dis- 
tortion where this was present, but after normalising the specimens 
no indication of the direction of rolling was found, the etch only 
revealing a polyhedral crystal structure. If the specimens were 
etched for a sufficient time, a uniform layer of copper was deposited. 
The structures shown in Figs. 15 and 16 (Plate VI.) were obtained 
with the N.P.L. cupric reagent. It was observed that cold-work 
and distortion of the metal affected the etch considerably. The 
appearance of iron of high oxygen content etched with the aqueous 
cupric reagent is illustrated in Figs. 17 and 18 (Plate VI.) at 50 
and 100 diameters respectively. In Fig. 18 some small white 
areas can be seen surrounding the particles of oxide. This is 
probably due, however, to slight local difference in the polish 
of the specimens where the hard oxide is situated. 

An interesting method of etching was discovered during these 
experiments with cupric reagent. On certain specimens indica- 
tions of a duplex structure were observed on some crystals, and it 
was later found that if the specimens were first etched for five 
seconds in 1 per cent. nitric acid in alcohol and afterwards for 
twenty seconds in N.P.L. reagent, this duplex structure was quite 
well developed in certain grains of the specimen. The etch re- 
vealed what appeared to be two sets of crystal boundaries. The 
appearance of the specimens etched in this manner is illustrated 
in Figs. 19 and 20 (Plate VI.) at a magnification of 80 and 150 
diameters respectively. 

These inner crystal boundaries have been previously observed 
by Andrews,1 who obtained them by etching wrought iron in 
1 per cent. nitric acid in water. 

The first etching with nitric acid reveals the normal polyhedral 
structure of ferrite, as illustrated in Fig. 21 (Plate VIL), at a 
magnification of 150 diameters, the effect of further etching with 
the nitric reagent until the crystals are deeply attacked is shown 
in Fig. 22 and reveals very little more than is shown in Fig. 21. 
The effect of further etching the specimen with the cupric reagent 

1 Proceedings of the Royal Society, 1895, vol. Iviii. 
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is shown in Fig. 28 at the same magnification, and shows what 
appear to be another set of crystal boundaries within a ferrite 
erystal. The same erystal of ferrite is illustrated in the three 
figures. These inner crystal markings are unaffected by heating 
the specimen to 850° C. 


THe Errect or CasE-HARDENING OxyGEN-IRon ALLOYS. 


Small spevimens of iron having high and low oxygen contents, 
together with a specimen of ordinary case-hardening steel for com- 
parison, were case-hardened in the usual way by heating for four 
hours at 950° C., the box being cooled in air. The samples, which 
were approximately 1 centimetre cubes, were found to be well 
carburised. Htched sections of the specimens are illustrated in 
Fig. 24 (Plate VIII.) at full size, the sample carburised on two sides 
only being the steel. Microscopical examinations show that the 
depth of penetration by the carbon appeared to be quite unaffected 
by the presence of oxide, the depth of case being the same for 
all three specimens. No unusual features were observed in the 
pearlite which surrounded the oxide. ‘The appearance of low 
and high oxygen iron after carburising is illustrated in Figs. 25 
and 26 respectively at a magnification of 100 diameters, and 
Fig. 27 (Plate VIII.) at a magnification of 500 diameters illustrates 
how little the pearlite is affected by the presence of the oxide 
particles. 

The specimens were afterwards quenched from about 850° C. 
in water. Subsequent micro-examination showed that all the 
specimens had hardened perfectly, and were completely marten- 
sitic in the ‘case,’ which is rather remarkable considering the 
purity of the steel. 

The oxide particles appear to be practically unaffected by the 
carburising process or by the subsequent hardening operations. 
There appeared to be rather fewer of the very smallest particles 
of oxide in the case-hardened portion of the specimens than in 


the centres. 
SUMMARY. 


The main features of the work concerning the iron-oxygen 


system are as follows : 
The freezing point of iron containing a little oxygen (about 
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0-08 per cent.) has been carefully checked in atmospheres of 
nitrogen and argon respectively. No difference was observed in 
the arrest points determined by these two methods, which gave a 
freezing point of 1535° C., when referred to the melting point of 
palladium as being 1555° C. 

The solid solubility of oxygen in pure iron is estimated to 
be about 0-05 per cent. of oxygen. 

The liquid solubility of oxygen in iron at about 1530° C. is 
0-21 per cent.; beyond this’ concentration of oxygen two liquid 
layers are formed. 

The melting point of the oxide in contact with iron at high 
temperatures is found to be 1870° C. 

No variation has been found in the lower arrest points of iron 
containing 0-12 per cent. to 0-21 per cent. of oxygen. 

Tron containing 0-08 per cent. of oxygen can be rolled with 
ease both hot and cold, and the rolled material has good ductility 
in a tensile test. Under notched-bar impact tests, however, the 
material is very brittle. 

The low results of these impact tests may be connected with 
the grain-size of the material, which was large. It was found 
difficult to produce a small grain-size in iron of low oxygen 
content by ordinary normalismg methods. The absence of 
impurities no doubt facilitates the production of large grains. 

The results of physical tests on rolled iron rods containing 
various amounts of oxygen show a marked decrease in the ductility 
of the iron, with increasing oxide content. 

Tron containing low and high oxygen contents have been 
carburised and case-hardened without difficulty. The oxide 
particles appear to be practically unaffected by the case-hardening 
process. 

No definite etching effects due to the presence of oxygen could 
be detected by means of cupric reagents. 


The authors wish to acknowledge their indebtedness to Mr. F. 
Adcock, M.B.E., for his assistance in connection with the high- 
frequency induction furnace, and Mr. T. E. Rooney for estimating 
the oxygen content of the samples and other analytical work, 


and to Mr. R. P. Garner for his general assistance throughout 
the work. 
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PART IIJ.—THE ESTIMATION OF OXYGEN IN PURE IRON. 


By T. E. Roonnry, A.I.C., A.M.S.T. (National Physical Laboratory). 


THE estimation of oxygen in steel has been studied by a number 
of workers, and most of the methods employed are based on that of 
Ledebur. This method consists in reducing the oxide contained 


MiGs Le 


in the steel by heating the sample in a current of hydrogen and 
collecting and weighing the water produced. 

; In the present investigation the absence of appreciable amounts 
of the usual constituents of a steel, such as carbon, silicon, sulphur, 
manganese, &c., made the problem of estimating the oxygen less 
difficult, but the amount of any one sample available for analysis 
was strictly limited, and therefore the quantity that could be used 
in a single estimation was also restricted, and it became essential 
therefore to eliminate even minute sources of error (blank) as far 
as possible. This latter fact rendered Pickard’s method 1 unde- 
sirable, as the blank is stated to amount to 1 or 2 milligrammes. 


1 Carnegie Scholarship Memoirs, 1913, vol. v. 
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As a result of preliminary work it was decided to use calcium 
chloride as a drying agent, as recommended by Blair, and the 
apparatus shown in the photograph, Fig. 81, was designed in some 
respects similar to the apparatus used by Pickard. 


DESCRIPTION oF APPARATUS. 


The furnace consists of an alundum tube wound with platinum 
ribbon, the ribbon being secured at the ends with silver wire, which 
formed the terminals for the supply of current. The alundum 
tube is enclosed in a fireclay tube and is kept in position by collars 
made of Mabor brick. 

The space between the tubes ig packed with ignited alumina 
powder. ‘The furnace tubes thus fitted are fixed in a box or casing 
made of Uralite sheet, and held in place by bolts attached to the 
Mabor ends or collars. The box is packed with magnesia packing. 

It is possible to obtain a temperature of about 1800° C. in this 
furnace. ; 

The reduction is carried out in a tube of transparent vitreous 
silica (1 inch diameter, 24 inches long) closed at oneend. This tube 
is fitted with a glass cap shown in the diagram, Fig. 32, the joint 
between the cap and the tube being secured by a piece of stout 
rubber tubing which fits on the outside of the quartz tube, anda 
gas-tight joint is made when the glass cap is pushed on over all. 

The glass cap carries (1) a silica delivery tube, which reaches 
to the closed end of the quartz tube, and (2) an outlet tube. 

The delivery tube is connected to a tower containing granular 
calcium chloride, and the tower communicates with a bottle con- 
taining a small amount of sulphuric acid to act as an indicator of 
the gas current. The sulphuric acid is also useful to indicate when 
it is necessary to recharge the calcium chloride tower and the 
absorption tube. The sulphuric acid bottle is connected through 
a. short length of silica tube to the fine adjustment valve of a 
hydrogen gas cylinder. This silica tube is heated to a red heat 
in order to remove traces of oxygen from the hydrogen. 

The absorption or weighing tube is filled with small-grained 
calcium chloride, and is connected to the outlet tube in the glass 
cap on one side and to a calcium chloride tower on the other. A 


1 “ Analysis of Iron and Steel.” Eighth edition. 
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bottle containing sulphuric acid, cadmium acetate, or other ab- 
sorbent is connected at the end to act as a gas current indicator, 
and also to allow the gases given off to be examined. 

The silica reduction tube is held in a clamp on a retort stand 
with a large base, and the whole of the purifying and absorption 


Fia. 32. 


apparatus is carried on the same base, so that the silica tube can 
be moved into or out of the furnace. 

The temperature of the furnace is regulated by means of a 
variable resistance, and a platinum-platinum rhodium thermo- 
couple is used for indicating the temperature. 


PREPARATION OF SAMPLE. 


The samples were prepared in the form of very fine millings, 
precautions being taken during machining to avoid contamination 
by oil, grease, dust, &c. It was found advisable immediately a 
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sample had been milled to dry the millings in a stream of dry 
hydrogen. 

By the exercise of great care during the milling operation and 
by this process of drying in hydrogen directly afterwards, it was 
not found necessary to heat the sample in nitrogen, as recommended 
by Law. 


MerHop oF CARRYING oUT THE ESTIMATION. 


Two to 5 grammes of the millings were weighed out into a silica 
boat, and the boat was placed in the silica tube and pushed up to 
the closed end. The glass cap was then fitted on and hydrogen 
passed through the apparatus until the weight of the absorption 
tube was constant. The hydrogen in the weighing tube was re- 
placed with dry air before each weighing. When the weight of the 
absorption tube had become constant, the quartz tube was moved 
into the furnace, so that the boat occupied the centre of the heated 
region. The heating was continued for one hour before the first 
weighing of the absorption apparatus. It was found in pre- 
liminary experiments that the best temperature for complete 
reduction lies between 1150° and 1200° C., and the time required is 
about two hours. This is in agreement with the results obtained 
by Oberhoffer and Keil,? and is also in accordance with the work 
of Whiteley.® 

Experiments were carried out on lines similar to those of 
Whiteley, to determine the depth to which the reduction of the 
oxide was effected by heating in hydrogen at a temperature of 
1200° C. A small specimen containing about 0-20 per cent. of 
oxygen, as indicated by microscopic examination, was heated for 
a period of three hours at 1200° C. in a stream of hydrogen. 

After cooling the specimen was cut through the centre and the 
cut face was polished. An examination of this surface showed 
that reduction was not complete for more than about 4 millimetre 
from the surface. 

The use of the finest possible millings for this estimation is 
therefore essential. Reduction could be accelerated by using a 


1 Journal of the Iron and Steel Institute, 1907, No. Il. 
2 Stahl und Hisen, October 13, 1921. 
3 Journal of the Iron and Steel Institute, 1920, No. II. p. 143. 
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faster stream of hydrogen, but there is a danger in this case of the 
moisture produced not being completely retained in the absorption 
tube. 

The employment of temperatures above 1200° C. resulted in 
the reduction of the silica in contact with the millings with the 
formation of silicide of iron and water vapour, and even at 1200°C. 
there was sometimes a slight reaction between the millings and 
the silica. 

At a temperature of about 1800° C. for two hours the millings 
were found to have combined with 0:80 per cent. of silicon. This 
fact limited the employment of temperatures higher than 1200° C. 
Attempts were made with the boats of various compositions, such 
as alundum, magnesia, &c., to avoid this difficulty, but boats made 
of these materials gave a large blank even after repeated heating 
in hydrogen at 1200° C. 

The millings were weighed after reduction and an estimation 
of the silicon content made in order to determine if any reaction 
had taken place between the iron and the silica. In this way a 
check was kept on the percentage of oxygen obtained by weighing 
the amount of moisture collected in the absorption tube. 

In addition to the method just described a method described 
by Oberhoffer and Keil+ was also employed. A similar apparatus 
was used for the purpose, but as the temperature did not exceed 
1000° C. an ordinary furnace wound with nichrome wire was used 
instead of the platinum-wound furnace, and also the length of 
the silica tube was cut down. 

The method consists in heating the millings with a proportion 
of an alloy of antimony and tin and collecting and weighing the 
water vapour produced in the ordinary way. 

An alloy containing about 60 per cent. tin and 40 per cent. 
antimony was used by the present author. The temperature 
was maintained between 950°C. and 1000°C., and about 15 
grammes of alloy were added to 5 grammes of millings. 

This method gave fairly consistent results, but they were in 
some cases appreciably lower than those obtained by the high- 
temperature method. (See Table IT.) 


1 Siahl und Hisen, October 13, 1921. 
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BuaNnk. 


Blank tests were carried out on the apparatus from time to 
time. The boat was inserted in the silica tube and the tube was 
heated up to 1200° C. for a period of three to five hours. 

The blank obtained in this way was very small, never exceeding 
2 milligrammes on five hours heating and usually being less than 
1 milligramme. 

Care was taken to eliminate as far as possible any long con- 
nections with rubber tubing, and rubber joints were made with 
stout pressure tubing. 

Weather conditions seemed to have the greatest influence on 
the blank, as on very damp days it was sometimes impossible to 
obtain concordant results. 


CONCLUSIONS. 


As the result of estimations carried out at different tempera- 
tures and for varying times, it appeared that the best temperature 
for complete reduction is between 1150° and 1200° C. 

At lower temperatures a fairly constant figure for the per- 
centage of oxygen present could be obtained after two hours 
heating, and this figure could not be appreciably increased by 
prolonging the heating for a considerable time. Also increasing 
the speed of the hydrogen stream gave this constant figure in less 
time, but further heating did not give any appreciable increase. — 
Examples are shown in Table I. 


TaBLe I.—Effect of Temperature on Apparent Oxygen Content 
of the Same Sample. 


Temperature. Deg. C. peroguiage oF oxyeon Found. Remarks. 
900 0:09 ; 
H. at rate of 100 c.c. 

ot poe { per minute. 
1000 0:15 
1100 0-16 

1150 to 1200 0-19 
1000 0-17 Alloy method. 
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Table II. shows the results obtained on a number of samples, 
using the alloy method and the reduction at 1150° to 1200° C. 


Taste II. 

Sample. Alloy Method. Per Cent, Fiedmekt on Be Ta: 
1 0-09 0:09 
2 0-10 | O-il 
3 0:15 0-15 
4 0-14 0-15 
5 0:17 0-19 
6 0-19 0-19 
7 0-18 0-21 
8 0:20 0-21 
9 0:27 0-29 


It is suggested that the problem of reducing the oxide in a mass 
of iron depends not on the facility with which the hydrogen gas 
penetrates into the metal, but on the ease with which the water 
vapour formed can escape. 

In an attempt to deoxidise a sample of electrolytic iron, which 
was in the form of relatively large pieces, the sample was heated 
in hydrogen for some hours at a temperature of 1200°C. After 
cooling, the sample was stored for some days in an atmosphere 
free from moisture, and it was noticed that rust formed on the 
surface, which seems to indicate that water vapour had been 
trapped in the mass of the material and, on storing, caused rusting. 
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DISCUSSION. 


The PRESIDENT, in opening the discussion, alluded to the very 
wide interest that a scientific institution such as the Iron and Steel 
Institute would have in the subject of the paper. The financial 
question involved had been before the Institute and other leading 
scientific institutions of the country, and the fine example of Sir John 
Dewrance and his personal liberality had been a great spur to the various 
scientific institutions in coming to the help of the fund. He would 
not say more in that connection, because Sir John was a personal friend 
of his, and he would get into serious trouble if he said too much, but 
undoubtedly the example of a few gentlemen like Sir John Dewrance, 
who were able to stand by a research of the kind described in the paper, 
influenced not only the scientific institutions but the Government in 
realising the great importance of developing such scientific research. - 
He further desired to emphasise that it was quite impossible for such 
a magnum opus aS was represented in the paper to be undertaken in 
any other way than by such an institution as the National Physical 
Laboratory. No one in the research laboratory of a large works could 
possibly concentrate his attention sufficiently upon the matter, or 
provide the necessary staff and time for the carrying out of such a 
wide investigation as that referred to in the paper. The paper was 
one of those outstanding instances of the advantage of the existence of 
the National Physical Laboratory, staffed, as it was, by very eminent 
scientific men whose thoughts were free to be concentrated on a great 
work of the kind described. It could not be carried out by any other 
means, because it would be impossible to interfere with the everyday 
routine work that had to be done by men in works research laboratories. 
The authors were obviously only at the beginning of their task. They 
had undertaken a very large and important responsibility, and it was 
obvious that the work could only be completed if they received con- 
tinued and generous help on the part of the public and the scientific 
institutions for the purpose of providing the necessary funds for 
carrying on the work. © 


Sir Ropert Haprietp, F.R.S. (Past-President), expressed his 
admiration for the excellent manner in which the authors had carried 
- out their labours. As one of the Committee appointed to arrange the 
programme of the work to be undertaken, he hoped the results set 
forth in the paper would meet with the approval of the members. 
Certainly he was sure it would not have been possible to find anyone 
better qualified to undertake the supervision of such an important 
"piece of research than Dr. Rosenhain, who had given so much time and 
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attention to studying metallurgical questions of various kinds. The 
Committee therefore felt they were safe in his hands, and he thought 
that had been proved by the admirable manner in which the research 
had been started. They were also deeply indebted to Sir John 
Dewrance for the time and encouragement he had given to this 
research. He noticed that Professor Carpenter, who was a colleague 
of his on the Committee, was present at the meeting, and was sure 
that he (Professor Carpenter) would bear him out in the statement 
that the members could have but little idea of the amount of pains 
and trouble that Sir John Dewrance had taken in connection with the 
matter as well as by his handsome donations. Sir John had to appeal 
for help at a time when money was not easy to obtain, but he had 
stuck to his task from beginning to end, and he was sure Sir John must 
feel satisfied with the results that were how put before the Institute. 
In dealing with the question of alloys he desired to mention a point 
which would, perhaps, give those present some idea of the magnitude 
of the research that had been undertaken. For example, taking 23 
binary alloys consisting of 23 separate elements added to iron, it would 
be found that the total possible number of ternary alloys, using those 
23 elements, was 253; while the total number of quaternary alloys, 
using the same 23 elements, was 1771. That gave some idea of the 
enormous problem which had to be faced by the Research Committee. 
It also indicated the great length of time required for carrying out the 
work, and that too much must not be expected at the start. He 
thought Dr. Rosenhain had set a wise example by thoroughly investi- 
gating, in the first place, the qualities of the basic metal itself, iron. 
In the three sections of the paper that had been read there were set 
forth the leading points that had to be considered in connection with 
that metal. Personally, he would not call it a “ base” metal in one 
sense of the term; it was a very noble metal. Metallurgists were 
indeed proud of the metal iron, and the wonderful combinations which 
could be effected with it. He hoped Dr. Rosenhain would not think 
he was trying to anticipate his work in any way, but as one who had 
studied the alloys of iron and manganese to a very large extent, he was 
naturally looking forward with great interest to the first results to be 
presented in regard to that particular combination of iron and man- 
ganese with nocarbon. Just before the war commenced he (Sir Robert) 
carried out a large series of investigations in that direction. Unfortu- 
nately, owing to the serious pressure of war time and that existing 
in post-war conditions, he had not been able to put forward the results 
he obtained, but he hoped it might be possible in the future to place 
before the Institute an account of some portion of the work that had 
been done, because he thought it would be interesting to compare such 
results with those obtained by the Ferrous Alloys Research Com- 
mittee. He hoped the members would appreciate what the investiga- 
tion of an alloy meant. It was necessary, first of all, to consider its 
composition, which might nowadays include a large number of elements 
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—seven, eight, or nine—and in some cases more, because it was some- 
times found that, after it was thought all the elements had been 
determined, one had been forgotten which might have great influence. 
For example, in the past no one thought very much of the effect that 
might be produced by copper with regard to its resistance to corrosion. 
It had now been found that the presence of a small percentage of copper 
might have a considerable influence on the alloy examined. It was 
necessary, likewise, to bear in mind the effects of the gases present, 
and if carbon were present, its form, and its particular carbide or com- 
bination of carbides. There were, moreover, the physical qualities or 
characteristics of the material, such as gases, melting point, soundness, 
toughness ; the various physical qualities, such as elasticity, tenacity, 
elongation, reduction of area, shock qualities, Brinell hardness, electrical 
resistance, specific magnetism, and other properties. The question of 
the forging qualities also had to be considered. It was necessary to 
determine the question of the nature of the material as forged, as 
normalised, and as heat-treated. In heat treatment alone there might 
be numberless subdivisions. It was also necessary to examine the 
material for durability, corrodibility, and expansion qualities. Those, 
therefore, who had made a special study of such questions knew how 
wide were their ramifications. It will be seen, however, that the 
research had been started on an excellent basis, and he could not help 
thinking that before long most important results would be obtained, 
not only from the scientific point of view, but also from that of the 
practical application of the results obtained by scientific work—a point 
which the Institute and those guiding the work had always desired to 
have fully in mind. 


Professor C. H. Drscu, F.R.S. (Member of Council), said that 
everyone who was working on iron alloys would recognise that the 
authors had begun a work on one of the most difficult of systems. 
The system iron-oxide-silicon—a knowledge of which was of such great 
importance to metallurgists in connection with steel manufacture— 
had been abandoned by the Geophysical Laboratory at Washington, 
on account of the impossibility of finding vessels which would resist 
the action of fused iron oxide. The authors had shown most remark- 
able skill in overcoming difficulties of that nature. The members 
could feel satisfied that the equilibrium diagram shown on p. 109 really 
did represent very nearly the condition of things that existed when iron 
and oxygen alone were present. He desired to make a few remarks with 
regard to the experimental methods adopted. The method of glazing 
the interior of the crucible by means of an arc seemed likely to be very 
generally useful, and he thought should be quite applicable in such 
cases. It did not seem to be very difficult to carry out, and most 
laboratories should be able to improve their crucibles in that way. The 
method was already used in the manufacture of silica ware, but its 
application to magnesia and substances of that kind should greatly 
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extend the usefulness of those materials. By starting work with an 
Ajax furnace the authors had sacrificed themselves for the benefit of 
other experimenters. Sheffield University now had an Ajax furnace, 
but after it had been ordered some of the difficulties which presented 
themselves at the National Physical Laboratory were dealt with, and 
the firm supplying the furnace made use of the experience gained at 
the National Physical Laboratory in designing the Sheffield furnace, 
which was of somewhat larger capacity. It was nominally 35 K.V.A. 
instead of 25 K.V.A., and a rather higher efficiency was being obtained 
from it. On the first occasion on which it was run no difficulty was 
experienced in melting 10 kilogrammes of a mixture of electrolytic 
iron and ferro-chromium, which ran down in about forty minutes 
completely fluid, so that the working of the furnace was very satis- 
factory. The furnace was built in England, and notin America. The 
Ajax furnace, with its extraordinary convenience, was likely to be a 
most useful implement of research in the future. The results obtained 
in the work carried out described in the paper were, on the whole, 
surprising, particularly in regard to the effect of oxygen in solid 
solution. The solubility of oxygen in the solid iron was estimated at 
0:05 per cent. The quantity, of course, was small, but it was to be 
expected that it would exert a considerable influence. The tests, 
however, showed only a small difference in the properties obtained. 
Excess oxide injured the metal, but the oxide in solid solution seemed 
to have little effect. It was particularly surprising in connection with 
the experiment described on p. 119 on case-hardening, in which the 
presence of the oxygen seemed to have no effect in preventing the 
diffusion of carbon or the formation of normal pearlite. Hveryone who 
worked with steel in general practice knew that from time to time steel 
would be found which contained particles of oxide, and which had 
around that oxide an entirely abnormal condition of pearlite. That 
showed itself very well in carburisation experiments, and it was to be 
found often in tool steels. Hven in a 0-9 carbon steel specimens were 
occasionally found in which there were particles of oxide, and around 
that oxide were areas which etched quite differently from the ordinary 
steel. Such steels were specially difficult to harden. It was difficult 
to attribute that effect to anything but oxygen. At the same time, the 
results contained in the paper were so definite that he could not see 
any fault to be found with the conclusions, and it could only be 
presumed that in the ordinary steel it was not the effect of oxygen on 
the iron that was in question, but the effect of oxygen on one of the 
dissolved metals, possibly manganese. It was certainly a fact that in 
those steels they were not dealing simply with alloys of iron, oxygen, 
and carbon, but that there were always other substances present ; 
so that the effect belonged to a ternary or quaternary system which 
was a real one. The bad effect of oxygen on carburisation and the 
hardening of tool steels was not an imaginary thing, but it did not 
appear to be connected with the influence of oxygen on iron. He was 
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also a little surprised at the small effect on the magnetic properties 
of a small quantity of oxygen in solid solution. Part IIT. of the paper, 
for which Mr. Rooney was responsible, would be very valuable to all 
those members who had to make such estimations as those described, 
which were extremely difficult. In regard to the estimations which 
had to be made in most works laboratories, he was afraid they were 
faced with the old difficulty that no method which depended on 
reduction by hydrogen would determine oxide alone if slag inclusions 
and other impurities were present. Investigators were still looking for 
an analytical method which would give them, without any ambiguity, 
the amount of iron oxide present in a metal as distinguished from 
silicates or other oxides. 


Dr. W. H. Harrretp (Sheffield) thought the paper contained an 
account of experimental data which, as the President had said, was a 
most fitting field of investigation for such an institution as the National 
Physical Laboratory and the various universities in the country. The 
fundamental work which had been carried out was of such a nature, 
and required such close attention, that it was extremely difficult in 
works research laboratories to do work of the same nature. Speaking 
on behalf of the steelworks research laboratories, he desired to say that 
the data given in the paper related to the particular kind of work that 
they looked to the National Physical Laboratory to place before them. 
The National Physical Laboratory had done a great deal of a similar 
type of work in connection with the non-ferrous industries, but the 
present paper related, he thought, to the first constructive basic work 
that had been done by them on steel metallurgy. He could not 
emphasise too strongly that the paper dealt with perhaps the most 
important problem which steel-makers had to consider—namely, the 
relationship of oxygen to iron. He could not help thinking, after 
carefully reading the paper, that, excellent though the work was, and 
convincing though most of its conclusions were, yet a portion of the 
diagram up to 0-21 per cent. of oxygen might very usefully receive 
far more intensive and extended investigation on the part of the authors, 
who, he believed, would share his views in that respect. For instance, 
there was no intrinsic evidence in the paper if oxygen was, and if so to 
what extent, in solid solution iniron. With regard to the quantitative 
results given in the paper, he was sure that the authors’ figures for the 
percentage of oxygen which could be associated with iron in the solid 
state as distinct from a solid solution were correct. The members of 
the Institute might remember the very valuable paper which was 
presented a few years ago by Mr. Wesley Austin, in which he melted 
pure iron in the presence of an excess of oxide of iron, and arrived at 
precisely the same figure for saturation as the authors had obtained. 
The reason for his (Dr. Hatfield’s) very intense interest in the paper 
was that he desired to obtain further information. Extending the 
work from the experimental conditions dealt with by the author, not 
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only himself but the whole steel world wanted to know what was 
the equilibrium content of oxygen in, say, an open hearth under an 
oxidising slag. The work the authors had done in the present instance 
naturally led towards that information, but at the moment it did not 
give ittothem. He further wished to state that many of the members 
would, he was sure, be delighted to send to the authors, and to Mr. 
Rooney in particular, very interesting samples of ferrous products 
upon which they could employ the excellent method of determining 
oxygen which Mr. Rooney had devised, so that some really reliable 
data might be obtained as to the oxygen content. Undoubtedly the 
determination of oxygen was extremely difficult. On Plate VII. the 
authors referred to a double boundary test. As a matter of fact, he 
personally dealt with that matter before the Faraday Society some 
two years ago, and the explanation was very simple. The explanation 
was that the adjoining crystal was lowered by solution, and the double 
boundary was merely a view of the other surface of the adjoining crystal. 
If a transverse section were cut through the micrographic section the 
step down would be seen, and actually demonstrate the remarks he was 
making. He was sure the members would look forward with very 
great interest to a continuation of the fundamental researches dealt 
with in the paper. He agreed with Sir Robert Hadfield’s statement 
that the authors had much work before them to do. He thought Sir 
Robert was extremely moderate in the estimate he had given of the 
number of alloys which he predicted required investigation. He 
hoped the authors would live long enough to complete the work, 
and that the members would live long enough to discuss it on future 
occasions. 


Professor H. C. H. Carpenter, F.R.S. (Member of Council), desired 
to say that, in his opinion, the data contained in the paper represented 
some of the best work which had ever been done in metallography, at 
any rate some of the most difficult. Anybody who had worked at 
the temperatures dealt with by the authors realised that there was a 
tremendous difference between working at 1200° C. and 1300° C., and 
working at 1500° C. and 1600° C. He thought that few if any previous 
investigators had attempted to do what the authors had not merely 
attempted, but had succeeded in doing—namely, in determining the 
equilibrium of a metallic system in such a high range of temperature. 
That would have the effect of setting the standard for a new type 
of work for which the National Physical Laboratory was eminently 
fitted, which certainly any university teacher could carry out with the 
greatest difficulty. At last he thought it could be said that something 
was known about the equilibrium of iron and oxygen. Some of the 
points to which he had intended to refer had already been mentioned 
by Dr. Desch, and he therefore did not propose to cover the same 
ground again. He desired, however, to deal with one other point 
which also emphasised the very small influence of oxygen on the metal, 
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namely, on its freezing point. Twenty years ago Mr. Keeling and he 
(Dr. Carpenter) published the first experimental determination of 
the freezing point of iron, in which they gave the value 1505° C. on the 
thermo-junction scale. Four years later, in reviewing that value 
(several determinations had been made in between) he came to the 
conclusion that the value of 1519° C. on the optical scale was more 
probable. In their experiments no precautions were taken to exclude 
oxygen. It would be seen that the difference between 1519° and 1535°, 
which was the highest value given in the paper, was only 16°C. There 
was a certain amount of uncertainty even with regard to that figure, 
and therefore he thought note should be taken of the fact that, at any 
rate as far as the freezing point of iron was concerned, oxygen could be 
said to be almost without influence. He would like to know whether 
the authors endorsed that opinion, but it seemed to follow from their 
paper, and if so, he thought that conclusion was not unimportant. 
Like Dr. Desch, he was quite willing to accept the diagram. Its 
simplicity appealed to him greatly, and he could assure the authors 
that it would appeal still more to the students on whom he was obliged 
to inflict equilibrium diagrams. 


Professor H. Lours (Member of Council) said he desired to ask a 
question on a point which was not quite clear to him. Dr. Rosenhain 
and his colleagues had spoken of the iron-oxygen system, and of the 
solubility of oxygen in iron. He desired to know if that was strictly 
correct. Were they not really dealing with an iron-iron-oxide system, 
and should not they speak of the solubility of oxide of iron in iron rather 
than of oxygen ? That criticism might seem to be trivial, but when results 
were obtained of such importance as those placed before the members 
in the paper just read, he thought the least the authors ought to do 
for their excellent work was to express it in unexceptionable language. 
For a scientific man, next to the importance of doing strictly accurate 
work came the importance of expressing it with strict accuracy. 
Incidentally, he would like to protest against Dr. Rosenhain following 
the prevailing fashion by speaking of an “ alloy ” of iron and oxygen. 
Personally, he would as soon think of calling salt an alloy of sodium and 
chlorine. He had been taught that an alloy was a combination of one 
or more metals,! and if so, obviously “ an alloy of iron and oxygen ”’ 
was not a correct expression. In scientific work strict accuracy of ex- 
pression was of the utmost importance, and that might be, perhaps, a 
justification for calling attention to the matter. 


Colonel N. T. Betarew, C.B. (London), said he desired to associate 
himself with the remarks made by previous speakers in regard to the 
excellence of the work done by the authors, who were now at the 
beginning of a whole series of work which would occupy a large amount 
of time. The valuable information contained in the present paper 

1 See e.g. “The New English Dictionary,” 
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led the members to expect a great deal in regard to what would follow 
in the future. 

Allthe other points he intended to raise had been more or less dealt 
with by the previous speakers. It had been noted by several speakers 
that the actual influence of oxygen on iron in solid solution in the sold 
state was, under certain circumstances, not so large as they had 
previously been led to expect. It seemed to him that in order to 
ascertain the exact influence of any alloy element or of any impurity, 
one of the most important factors was the structure of that impurity. 
For instance, dealing with iron oxides in iron in the solid state, if the 
structure of those oxides was a spherodised one, a much larger amount 
of oxygen than would otherwise be the case could be allowed to pass 
into the iron without any detrimental influence. 


Mr. F. W. Harsorp, O.B.E. (Vice-President), said he desired to 
associate himself with the previous speakers in the remarks they had 
made expressive of their great admiration of the way in which the 
research had been carried out. He did not know any better example 
of the enormous amount of work which was involved in carrying out 
scientific research. Each difficulty as it arose had been faced and 
‘systematically investigated and dealt with. It was an example which 
should commend itself to all the younger metallurgists who were 
commencing scientific research work. He was not quite sure that 
melting iron and an oxide together would necessarily have the same 
effect as if the metal was oxidised by generating the oxide within the 
mass, as in the case of the Bessemer converter. Very little was known 
about such things at present. When the oxide was generated under 
the conditions such as obtained in steelworks practice, he thought it 
was conceivable that there might be, owing partly to the intimate 
association of the two substances, a greater degree of solubility one in 
the other, and also that the effect of the generation of the oxide in site 
might to some extent have a slightly different effect on the physical 
properties of the steel than when the two substances were simply melted 
together. It would be very interesting if the oxygen in overblown 
samples from a basic Bessemer converter were determined with the 


object of seeing whether the amount present was appreciably greater 


than in the samples the authors had been examining. He knew there 
were great difficulties in what might be called Bessemerising small 
quantities of steel, but in view of the great ability shown by the authors 
in devising methods for overcoming other difficulties, he had no doubt 
that when they were able to experiment with larger quantities of steel 
such difficulties would be easily overcome. 


Mr. J. H. Frercner (Dudley) said that on behalf of the Research 
Associations that were studying in a more practical manner the questions 
which Dr. Rosenhain and his colleagues had dealt with, he desired to 
express the deep debt of gratitude they owed to the authors for their 
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work. The equilibrium diagram was of great interest to all students 
of ferrous metallurgy, and the points that had already been raised in 
connection with it were of very great importance, especially when 
dealing with processes involving the use of pneumatic methods for the 
production of iron and steel such as those referred to by Mr. Harbord. 
For instance, the foundry cupola as well as the converter had to be 
considered, and the Cast Iron Research Association was particularly 
interested in the influence of oxygen and of oxidation on the product, 
cast iron. He desired to refer also to wrought iron. Some of the 
members knew that a rather long series of experiments had been 
carried out with a view to producing iron mechanically, and the point 
that Mr. Tritton had referred to in regard to the lining of vessels 
subjected to liquid iron oxide attack had there arisen. Very consider- 
able difficulty was experienced in the rotary furnace in obtaining the 
glazed condition referredto. Eventually they were successful in getting 
that glazed condition, and the method was successful. That had some 
bearing in the larger and more practical sense on the points that had 
been brought forward in that connection. From a practical point 
of view, he was looking forward to obtaining a great deal of help from 
the work carried out by the authors. He thought a question might 
be raised in regard to the small samples of material that had been 
experimented with, for the purpose of giving the results of physical 
tests, and that possibly some question might arise as to whether the 
statements made concerning the mechanical properties of such iron 
could be definitely assumed to be correct. Larger samples might give 
considerably different results. He thought the permeability curves 
given in Fig. 28 on p. 113 were incorrectly marked ; he was under the 
impression that they should be reversed.t_ Armco iron was of interest 
to all those who were studying the problem of wrought iron manu- 
facture, and it would be intensely interesting if parallel results could 
be given both of the cooling and heating curves of Armco iron (with 
special reference to the oxide arrest at 1370°C.), in comparison with 
the iron that had been made by Dr. Rosenhain and his colleagues. 
It would also be interesting to have an analysis of the materials that 
were compared in Figs. 28 and 29. He thought it would also be useful 
if, in connection with the research proceedings, a full bibliography 
could be given of the work that had already been done on the subject. 


Mr. J. H. Wurretey (Saltburn) desired, in the first place, to con- 
gratulate the authors on the excellent work they had done. He thought 
great praise was due to them for the skilful way in which they had 
tackled the difficulties. He wished especially to point out how inter- 
esting the paper was in connection with certain reactions that took 
place in the steel furnace. For example, on p. 101 it was shown that, 
at 1300° C., ferric oxide was not entirely reduced to ferrous oxide by 
pure iron. He had obtained a similar result by heating mixtures of 

1 [This”has since been done.—Ep1ror.] 
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electrolytic iron and its oxide (F,0;) in plugged cylinders of Armco 
iron at temperatures between 1300° and 1400°C.1_ The reduction of 
the Fe,0, by the iron in this way was never complete ; usually about 
8-0 per cent. remained. It seemed, therefore, clear that the reaction 
was a reversible one; that was to say, if pure FeO could be heated in 
a neutral atmosphere some iron would be formed by decomposition, 
according to the equation— 
3FeO — Fe,0, + Fe. 


No doubt the equilibrium constant would vary with the temperature. 
The reaction seemed well worth further study, since it should be 
possible, at any rate under certain conditions, by means of it to arrive 
at an approximate idea of the free iron oxide content of open-hearth 
slags from their ferric oxide content. Again, Mr. Rooney referred, 
in his section of the paper, to the reduction of silicon by iron in the 
presence of hydrogen. He (Mr. Whiteley) could corroborate that 
statement, for by melting pure electrolytic iron in a silicon tube in an 
atmosphere of hydrogen he had obtained as much as 0-5 per cent. of 
silicon in the metal. It was well known that in the acid process the 
silicon content of the bath could be considerably increased at times 
by reduction of the silicon in the slag, and he suggested that that 
reduction might be facilitated by the hydrogen known to be present 
in the molten metal. The duplex structure to which the authors 
referred was one he had obtained repeatedly by a similar etching method, 
and he had always regarded it as indicative of the presence of oxygen, 
since it was always present in over-oxidised samples he had prepared. 
Moreover, it was often to be seen in puddled iron, which, of course, was 
made on an oxide hearth. He was therefore very pleased to- have the 
author’s confirmation of his deduction with regard to this particular 
structure. 


The Presipent said that, before calling upon Dr. Rosenhain to 
_teply to the very interesting discussion that had taken place, he desired 
to offer to Dr. Rosenhain and his colleagues, first of all, the warm thanks 
of the members, and, secondly, their deep sympathy with them in the 
great work thay had undertaken. It was evident from what had been 
said in the course of the discussion that the authors would have to 
devote a very considerable amount of effort and study to the question 
under consideration, and he hoped the fact that their work was of 
such great interest to the members of the Institute would encourage 
them in their prosecution of it. He could not imagine a work more 
easily and more suitably handled than by an eminent metallurgist of 
Dr. Rosenhain’s standing, coupled with the assistance of his colleagues 
at the National Physical Laboratory and the use of all the equipment 
which existed there. If the result of their labours did not spell success, 
it should at any rate spell useful work. He hoped the vote of thanks 


1 Journal of the Iron and Steel Institute, 1921, No. I. p. 285. 
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he now had the pleasure of moving to the authors would be an en- 
couragement to them, from the point of view that they knew that their 
efforts were appreciated by the members, and that they would thus be 
spurred on to further efforts to solve the difficult problem they had 

undertaken. 


The resolution of thanks was then put and carried with acclamation. 


Dr. WALTER ROSENHAIN, in reply, said it was a great privilege 
to him to reply to what was ordinarily a formality, but which on the 
present occasion was very much more. The President was quite 
right in thinking that in undertaking a task of the kind dealt with 
in the paper the authors needed encouragement and help of every 
kind. As the President had pointed out, the National Physical 
Laboratory had received a large amount of very substantial financial 
help from the Institute and many other institutions, and the authors 
hoped they might rely upon its continuance if the work was to be 
proceeded with. That, however, was an aspect of the matter which 
he was not anxious to emphasise, but he could not help saying, on 
behalf of his colleagues and himself, including those colleagues who 
were not immediately concerned with the paper in question but with 
the research in general, that they appreciated most deeply the sympathy 
and interest which had been shown in their work at the present meeting. 
It was of the greatest value to have personal encouragement in con- 
nection with a task which was not only extremely large, but sometimes 
almost dishearteningly difficult. The authors knew perfectly well 
that at the best they could not hope themselves personally to see the 
task through to the end, but they felt that they were part of an organisa- 
tion which would outlive them, and that that organisation and the 
Institute would some day see the end of the work. 

There was only one point in the discussion to which he wished 
to refer, namely, Professor Louis’s question with regard to the nomen- 
clature which had been adopted. First of all, he desired to ask Professor 
Louis whether he had any reason for believing that the form in which 
iron contained oxygen in the solid solution was oxygen or iron oxide ? 
The probability was that in the solid solution the elements held in 
solution were present in the atomic condition, and it was probably 
more correct to speak of a solid solution of oxygen in iron than oxide. 
It was impossible to be dogmatic about it. With regard to the system 
iron-oxygen, it was true that the authors had confined themselves 
to the region up to one particular oxide only, but that was not the 
end of the system. The system in the last resort was the system 
iron-oxygen, and since oxygen in the form of a particular oxide might 
undoubtedly play a large part, he thought they were justified in 
speaking of the iron-oxygen system. With regard to calling such 
things alloys, he thought that anyone who was accustomed to dealing 
with steel, which was an alloy of iron and carbon, could hardly confine 


140 DISCUSSION ON FERROUS ALLOYS RESEARCH PAPERS. 


the term to alloys of metal with metal. He did not think Professor 
Louis would call carbon a metal ; they had all heard of alloys of copper 
and phosphorus, copper and arsenic, and so forth. He thought the 
definition suggested by Professor Louis was too narrow. In the 
present instance it was quite true that a body existed which formed 
well-marked chemical compounds with iron, but so after all did carbon, 
and so did phosphorus. He thought the authors were quite as justified 
in calling those metallic bodies alloys as many other systems of the 
jand. ; 


Dr. D. Hanson, in reply, said his colleagues and himself would 
find the discussion very encouraging in pursuing their work further, 
and the appreciation which the paper had met with would be very 
helpful. 

Tt had been stated by Dr. Hatfield that part of the diagram up 
to 21 per cent. of oxygen ought to receive more intensive investigation. 
The authors agreed with that statement, and recognised the short- 
comings of the diagram in that region. Their difficulty so far had 
been that they had not been able to melt pure electrolytic iron under 
conditions which would give a melt entirely free from oxygen. Even 
when the melt had been reduced previously at 1200° C. in hydrogen 
and then remelted 7m vacuo in an induction furnace, about 0-08 per 
cent. of oxygen was still found in the resulting melt. That was an 
experimental difficulty that had not yet been overcome, so the authors 
could not claim to have obtained iron entirely free from oxygen, as 
all the iron was saturated with oxygen; the results obtained showed 
that oxygen in solid solution had no deleterious effect on iron. The 
material the authors obtained was extremely ductile, soft, and very 
free from brittleness in the tensile test or the rolling test, although 
it showed a considerable degree of brittleness under impact. He 
agreed with Dr. Hatfield’s suggestion that the extension of the work 
to the open-hearth furnace was one of the things that ought to be 
done, but up to the present the authors had not been able to take up 
that portion of the work. It really meant extending the binary 
system and making an investigation of the ternary or more complex 
systems, because the slag was not simply iron oxide, and it could not 
be assumed that the behaviour of iron in contact with the ordinary 
open-hearth furnace slags would be the same as in contact with 
comparatively pure iron oxide. He was afraid Dr. Hatfield had 
misunderstood Mr. Tritton’s statements with reference to the double 
boundaries. Mr. Tritton was not referring to a boundary that appeared 
to be a double line under the microscope but a double set of boundaries 
—that was, one set of boundaries within another. Dr. Hatfield’s explana- 
tion of the double boundary was quite correct, but it was not what 
was meant by Mr. Tritton. Professor Carpenter had pointed out 
that the melting point of iron had been determined frequently in 
the past, and that the results obtained did not differ very greatly 
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from those that had been obtained by the authors, having regard to 
the difficulties of measuring temperature in that region. That was 
quite true. The highest value that the authors suggested was 1535° C., 
and that referred to the new value for the melting point of palladium. 
If they referred to the old value for the melting point of palladium 
the melting point would be 1530°C., which was not very different 
from 1519° C., having regard to the difficulties of investigation in that 
range. In reply to Colonel Belaiew, it seemed probable that the 
effect of oxide would be much greater if it were distributed in a different 
form. In the low oxide melts studied a considerable number of 
rounded oxide particles existed, but they had little effect on such 
properties as the ductility in the tensile test or the cold-rolling 
properties. If those particles had distributed themselves round the 
grains, as did, for example, iron sulphide, a very different result might 
have been expected. When the number of those particles was in- 
creased largely they did exert some embrittling action, in much the 
same way that oxide particles in copper rendered copper cold-short 
when the oxygen content was high. The two cases were very 
analogous. Mr. Harbord asked if the authors could say whether 
more oxide would be present if the oxide were generated in the metal. 
He thought probably more oxide would be introduced in that way, 
and the authors had a little experimental evidence which confirmed 
that statement. In making their larger melts they melted about 
480 grammes of iron in an induction furnace. That melted metal 
swirled round very rapidly in the pot, and the oxide content of those 
melts was rather greater than in the cases in which the two were 
melted quietly together. The authors thought that was due to the 
mechanical entanglement of a little more of the oxide globules in 
the molten metal than would be the case if the melting were done 
quietly. If oxide were generated in a vessel like a converter, the 
metal was being agitated and the oxide particles in the steel were 
being stirred up, so that an appreciably greater amount might be 
obtained than under simple melting conditions. 


CORRESPONDENCE. 


Mr. Frank Git (International Western Electric Company, London) 
wrote that the sample of Permalloy from which Messrs. Tritton and 
Hanson obtained their curves for Permalloy was supplied by the Inter- 
national Western Electric Company Incorporated. The results obtained 
by the authors gave on the whole lower values of permeability than those 
given by Messrs. Arnold and Elmen in their article “ Permalloy,” 

- published in the Hlectrician of June 22, 1924. The values obtained by 
Messrs. Tritton and Hanson were evidently not representative, but 
that might be due either to imperfect heat treatment or to mechanical + 
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strains inthe subsequent handling. In paragraph 76 on p. 783 of the 
Physical Review for June 1924, some particulars were given by O. E. 
Buckley which threw some light on the way in which the magnetisation 
of the material could be modified and controlled by mechanical stress. 


Mr. J. G. Pearce (Birmingham) wrote that the Cast Iron Research 
Association had viewed the research on ferrous alloys with considerable 
interest. In its later stages that work should throw considerable 
light upon the fundamental properties of cast iron which were now 
being studied by his Association. A series of castings representative 
of the whole range of British grey irons, as well as special irons used 
for resisting heat, corrosion, abrasive wear, &c., had been produced 
under very carefully controlled melting conditions, and the test results 
—physical, chemical, and microscopic—were being collated. That work 
would shed considerable light on many hitherto puzzling phenomena 
regarding the relation of properties and constitution of cast iron, and 
would enable first approximations to be made towards conclusions 
the work done by Dr. Rosenhain should ultimately completely reveal. 
The method pursued at the National Physical Laboratory through the 
use of the purest possible materials, studied by the most refined methods 
of measurement available, could not fail to give more accurate results 
in the long run, although it would be slower and more costly. 

The fear had been expressed that the work of two independent 
bodies in one field of research, both charged with the expenditure of 
funds partly derived from Government sources, would result in over- 
lapping, but those who were acquainted with the work being done did 
not share that view. The work done at the National Physical Labora- 
tory was essentially complementary to that being pursued by the 
Cast Iron Research Association, and the latter body would welcome 
an opportunity of becoming associated with the Ferrous Alloys 
Research and contributing its quota of experience in discussing the 
work being done. The publication of further results on iron-manganese 
and iron-chromium would be awaited with keen interest, and it would 
be interesting to know the precise proposals with regard to iron-carbon, 
iron-silicon, and the non-metals. 


Dr. Hanson and Mr. F. 8. Trrrron, in further reply, wrote that 
they thanked Mr. Fletcher for pointing out the error in Fig. 28 on 
p. 113; the description of the two curves should, of course, have been 
reversed, and that had been corrected in the final proof of the paper. 

The authors appreciated that the results of the physical tests must 
be considered to some extent provisional, since they were made on 
small samples of the material, but they saw no reason to suppose that 
specimens from larger melts would differ very greatly from those now 
described. The results obtained with their samples differed very 


* [An explanatory paragraph has since been added in the paper by the 
. authors.—EDIToR. | 
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greatly from the results previously obtained with other samples of 
commercial iron ; they did not think that those differences were due 
simply to the small sizes of their melts, but that they represented real 
differences between the materials. 

The authors noted Mr. Fletcher’s suggestion that cooling and heating 
curves of Armco iron should be taken with reference to the oxide 
arrest at 1370° C., and thought that that would be worth doing. They 
had not, however, done much work on Armco iron, because they had 
found from microscopical evidence that the oxide particles in Armco 
iron had a duplex structure, and the material differed so markedly in 
that respect from pure iron-oxygen alloys that they thought it would 
be somewhat difficult to interpret the results of cooling curves through 
the oxide arrest point without an extensive investigation. 

The authors regretted that they could not supply detailed analyses 
of the materials that were compared in Figs. 28 and 29. Those materials 
were, however, typical examples of commercial products (the stalloy 
containing 4 per cent. of silicon). : 

The authors had prepared a short bibliography of the subject, as 
suggested by Mr. Fletcher, and that was now added at the end of the 

aper. 

‘ eT he authors thanked Mr. Frank Gill for his communication, and 
had added a paragraph in the text of the paper, pointing out that their 
values for the permeability of Permalloy were somewhat lower than 
those found by Messrs. Arnold and Elmen. The difference between 
the two sets of results was not great and did not alter the general 
character of the curves. They also wished to thank Mr. Pearce for 
his communication. 


Mr. Rooney, in reply to the discussion on Part III. of the paper, 
wrote that he was interested in the remarks of Professor Desch and Dr. 
Hatfield, but would like to emphasise the fact that the President had 
pointed out in opening the discussion, that the authors were obviously 
only at the beginning of their task. That remark applied equally well 
to Part III. of the paper, as the work that had been done was con- 
cerned only with the estimation of oxygen in pure iron. 

The problem of estimating oxide of iron in slags and commercial 
steels might be rendered much less difficult by a systematic study, in 
the first place, of simpler combinations. ; 

The author was glad to have the confirmation by Mr. Whiteley of 
the reduction of silica by iron in presence of hydrogen. That reaction 
was important from the possibilities it suggested, as, for example, the 
reduction of other oxides in presence of hydrogen and iron or in presence 
of iron and other reducing gases. ait 

All those points were worth further study in connection with the 
estimation of oxygen in ferrous alloys and ferrous materials. 
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THE HARDENING OF STEEL. 


By WALTER ROSENHAIN, D.Sc., F.R.S., F.Inst.P. 
(Tae NationAL PuystcaL LABORATORY). 


Few metallurgical problems have been more fully and widely 
discussed and investigated than the hardening of steel, and at 
times the discussion has suffered from undue warmth of feeling. 
It would be difficult to justify a further paper on such a subject, 
whether advancing a new theory or criticising old ones, were it 
not that new light has been thrown on the phenomena of hardening 
metal by recent investigations on materials other than iron and 
steel. Since there is still an unduly sharp distinction between 
ferrous and non-ferrous metallurgy, it may be desirable at the 
present stage to bring before this Institute a review of the whole 
position. In undertaking such a review, it is not possible to avoid 
a definite theory of hardening ; it will, however, be the author’s 
endeavour to distinguish as far as possible between experimentally 
ascertained fact and deductions and opinions which cannot claim 
the same degree of certainty. 

Until quite recently the phenomena of hardening and tempering 
of steel could rightly be described as unique, since no other alloy 
or metal was known in which analogous phenomena could be 
produced. It is not surprising, theyefore, that the explanation of 
such a unique series of properties should be sought among other 
peculiarities more or less exclusively found in the case of iron. 
Such peculiarities are the allotropic transformations of iron 
and the power of that metal to hold carbon in solid solution 
at high temperatures. Theories of the hardening of steel based 
upon both these peculiarities were early developed, and the con- 
troversy between allotropists and carbonists is now a matter of 
history. 

The recent discovery of closely analogous properties mainly 
in the alloys of aluminium, zinc, and to a lesser degree copper, 
has, however, opened a wider horizon, and, as wil@be shown below, 
it now appears that although both the allotropic transformations 
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of iron and the power to hold carbon in solid solution at high 
temperatures play a part in the phenomena of hardening and 
tempering, that part is in a sense an indirect one, and that for 
the explanation of the hardness of hardened steel, neither an 
excessively hard allotropic variety of iron nor an adamantine 
iron-carbon compound are necessary. 

Perhaps the best way of approaching the present position of 
the subject is to describe, as briefly as possible, some of the out- 
standing phenomena connected with the hardening and tempering 
of certain non-ferrous alloys, in order to show the analogy which 
exists between these phenomena and the well-known behaviour 
of iron-carbon alloys. The explanation of the mechanism of 
hardening and tempering in the non-ferrous alloys, which has 
been fully established, will then appear as a general explanation 
of phenomena of this class, and its applicability to the particular 
case of steel can be considered. 

The fundamental discovery of hardening phenomena in non- 
ferrous alloys was that made by Wilm in the year 1909, when he 
showed that certain aluminium alloys containing a small per- 
centage of magnesium were capable of hardening. This fact, 
as it subsequently transpired, had already been discovered in the 
Jaboratories of the Royal Arsenal at Woolwich, but, in accordance 
with the general policy pursued at that time in connection with 
War Department researches, had not been published. 

The hardening which occurs in aluminium or its alloys con- 
taining magnesium differs markedly, at first sight, from that to 
which we are accustomed in the case of steel. Steel, when heated 
to a temperature above the critical point and quenched, is fully 
hardened as soon as it is cold. The aluminium-magnesium alloys, 
of which the well-known ‘‘ Duralumin”’ may be regarded as 
typical, are not appreciably hardened immediately after quenching. 
On the other hand, the hardness of the aluminium alloy increases 
with time after quenching, if kept at the ordinary temperature. 
The hardening is rapid at first, but the rate falls off and the maxi- 
mum value is reached generally after a period of about four days. 
This behaviour is illustrated by the time-hardening curve, Fig. 1. 

The discovery of Wilm, which led to the patenting of a number 
of alloys and théir heat treatment, was made without any under- 
standing of the real nature of the phenomena involved. The 
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discoverer himself frankly admitted that he was unable to offer 
any explanation for the changes which occur during the hardening 
of Duralumin, particularly as there is no obvious change in the 
microstructure between the material when freshly quenched 
and after it has undergone the four days’ ageing. The changes 
which occur in Duralumin and similar alloys have, however, 
formed the subject of extensive investigations which have been 
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Fie. 1.—Time-Hardening Curve. Duralumin. 


carried out mainly in this country at the National Physical 
Laboratory, and in America at the Bureau of Standards. 

Both groups of investigators have arrived at a satisfactory 
explanation of the phenomena, although their explanations 
differed in detail. Subsequently, these differences have been 
completely reconciled, and the transformations which occur in 
alloys of this kind during quenching and subsequent hardening 
are now thoroughly understood. 

- It should perhaps be pointed out that this is the direct result 
of a systematic study in great detail of several groups of ternary 
and one portion of a group of quaternary alloys. This part of 
the work has been carried out mainly by Hanson and Gayler in 
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this country, and their conclusions have further been supple- 
mented by an investigation of other alloys, including notably 
those of zinc and aluminium and of copper and iron. 

An early stage in the investigation consisted in the study 
of the equilibrium diagram of the alloys of aluminium and 
magnesium.“ 

Although the equilibrium diagram arrived at in this research 
differs considerably from earlier diagrams published by German 
and other workers, it did not exhibit any features which could 
account for the hardening of aluminium-magnesium alloys. The 
explanation was found in the discovery that silicon plays a part 
in the hardening of the alloys of aluminium and magnesium. 
Silicon is always present in commercial aluminium, and, indeed, 
the preparation of aluminium entirely free from silicon has not 
yet been achieved. It was, however, found that in the aluminium- 
magnesium alloys, when the amount of silicon was progressively 
reduced, the hardening effect was correspondingly diminished. 
It was also found that an alloy of the Duralumin type, as free as 
possible from silicon, showed very much less age-hardening than 
the normal material. In the search for the explanation of these 
phenomena, a study of the ternary equilibria of the system 
aluminium-silicon-magnesium was undertaken, but owing to the 
immense amount of labour involved, only the region of special 
interest in the present connection, covering the alloys rich in 
aluminium, has been studied in detail. The results have been 
published in the Eleventh Report to the Alloys Research Com- 
mittee, and more fully in a paper by Hanson and Gayler in 
the Journal of the Institute of Metals. 

It is unnecessary to reproduce here the equilibrium model and 
the various diagrams and sections which have been obtained by ~ 
these authors. The point of principal interest is the existence of 
a well-defined compound of silicon and magnesium corresponding 
to the formula Mg.8i, which is found to be capable of passing mto 
solid solution in aluminium to a much greater extent at high 
temperatures than at the ordinary temperature. In thus thinking 
of the compound as passing into solid solution, it is not suggested 
that the compound as such is present in the solid solution, since 
it appears more probable, on general grounds, that silicon and 
magnesium atoms are scattered through the lattice of the alumi- 
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nium crystals. None the less, when the amount of silicon and 
magnesium present reaches the limit of solid solubility, the excess 
appears in the form of minute crystals of magnesium silicide, 
Mg.Si. Fig. 2* is a horizontal section of a portion of the ternary 
equilibrium model on which the limiting solid solubilities of 
silicon and magnesium, or of magnesium silicide in aluminium 
at a temperature of 500° C., are indicated by the line zy, the 
composition of the corresponding alloys being represented in the 
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Fic. 2.—Horizontal Section of Part of Ternary Equilibrium Model, showing 
Differences in Tensile Strengths of Aged and Slowly Cooled Specimens. 


usual manner on a portion of the equilateral triangle forming the 
basis of the ternary model. For a number of alloys of varying 
compositions the increase of hardness, due to age-hardening after 
quenching, is indicated on the diagram by numbers which show 
the increase in tensile strength by hardening in each case. A very 
striking result is seen. The hardening power of the alloys increases 
steadily as their composition approaches the line of limiting 
solubility, v-y. The maximum increase of hardness is obtained 
in alloys lying close to this line, but increase of either silicon or 


* This figure and Figs. 4, 5, 6, 7, 8, and 9 are reproduced by kind permission 
of the Institute of Metals. 
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magnesium, or both, beyond the amount which can be held in 
solid solution at 500° C., results in no further increase in hardening 
power. The inference from this result is clear, that hardening 
is associated with the amount of silicon + magnesium which is 
present in solid solution at the high temperature when the alloy 
is quenched. This quantitative connection between hardening 
power and the amount of magnesium and silicon held in solid 
solution can be clearly traced in a variety of other ways, which 
have been described in detail in the papers already mentioned. 
They justify the inference that the age-hardening of aluminium- 
magnesium-silicon alloys of suitable composition is due to the 
separation from a supersaturated solid solution, obtaied by 
quenching from a high temperature, of magnesium silicide in a 
‘state of very fine division. Microscopic examination shows that 
these alloys when quenched and examined immediately: after- 
wards are homogeneous—that is to say, consist of crystals of 
a single solid solution only. After age-hardening there is no 
appreciable difference in microstructure, so that we are forced 
to the conclusion that the particles of magnesium silicide that 
have been deposited during ageing at the ordinary temperature 
are too minute to be traced by means of the microscope. On 
the other hand, if such an alloy be slowly cooled from a suitable 
temperature, so as to allow the excess of magnesium silicide to 
separate at a higher temperature, well-defined crystals of mag- 
nesium silicide are formed. 

While the behaviour of aluminium alloys containing magnesium 
and silicon was being investigated at the National Physical 
Laboratory, a number of workers at the United States Bureau 
of Standards at Washington, including Merica, Waltenberg, and 
Scott, investigated the alloys of aluminium and copper from this 
point of view. Here also a solid solution is formed in the case 
of alloys containing less than 4 per cent. of copper, which can be 
rendered apparently homogeneous by quenching from a suitable 
high temperature after an adequate period of annealing to bring 
the copper into solid solution. If slowly cooled from that tem- 
perature, crystals of the well-defined and well-known compound 
CuAl, appear. If the alloy be quenched, the formation of these 
crystals is suppressed and the alloy appears to be a homogeneous 
solid solution. This also, on ageing, undergoes a certain amount 
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of hardening, and the American investigators attributed this 
hardening to separation of very minute particles of CuAl, from the 
supersaturated solid solution. More recently Dr. M. L. V. Gayler, 
at the National Physical Laboratory, has examined certain groups 
of alloys containing aluminium, together with magnesium, silicon, 
and copper, and has found that in these alloys age-hardening 
at room temperature is due essentially to the separation in a 
finely divided state of magnesium silicide, Mg.Si, from the super- 
saturated solid solution formed during quenching. On the other 
hand, a further degree of age-hardening can be obtained by ex- 
posing the quenched alloys to temperatures in the neighbourhood 
of 150° to 200° C. for varying periods of time, and this further 
age-hardening appears to be due to the precipitation of the copper 
compound CuAl,. The results of the two independent series 
of investigations are thus reconciled, and the explanation of 
the hardening of alloys of the Duralumin type, and of similar 
aluminium alloys in which supersaturated solid solutions can be 
formed by quenching, is placed on a satisfactory basis. 

Taken by itself, the view of the nature of age-hardening in 
aluminium-magnesium-silicon alloys resulting from these investi- 
gations is still to a certain extent hypothetical, although the close 
quantitative relations which have been established afford a sound 
basis for the explanation in question. The generalised view of 
the phenomena of hardening, and of age-hardening in particular, 
derived from these researches is capable of verification in connec- 
tion with other alloy systems. ‘These verifications have been 
sought and obtained in several instances, so that the correctness 
of the general ideas upon which the explanation is based can now 
be regarded as established. 

In the course of an investigation of the effect of impurities 
on copper being carried out for the British Non-Ferrous Metals . 
Research Association, Hanson and Ford at the National Physical 
Laboratory have studied the alloys of copper with iron, so far as 
those consisting mainly of copper are concerned.” In the course 
of this investigation the solubility of iron in solid copper was 
determined, and it was found that at 1100° C. copper could hold 
4 per cent. of iron in solid solution, while at 750° C. the solubility 
is reduced to less than 0-2 per cent. Consequently, if an alloy 
containing 0-7 per cent. of iron is held at a temperature of 1000° C. 
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and then quenched, a supersaturated solution of iron and copper 
is produced. In this supersaturated solid solution at the ordinary 
temperature no further change occurs, nor would any such change 
be anticipated in view of the fact that at the ordinary temperature 
this alloy is some 1000°C. below the freezing point. When, 
however, the temperature is raised to about 500° C. in order to 
allow of greater mobility, a change of the nature of age-hardening 
occurs. Measured in terms of Brinell hardness, there is a very 
appreciable change, the value increasing from 86 to 58, thus 
verifying the anticipation derived from the generalised view of 
the cause of hardening. In this particular case, however, there 
is not a corresponding increase in tensile strength, a fact which 
is possibly connected with the well-known peculiarity of copper 
in regard to correspondence between tensile strength and Brinell 
hardness. None the less, these alloys behave in the manner 
indicated by the general theory, although, quantitatively, the 
results are disappointing. 


A much more striking verification of the general theory, and 


one which presents remarkable analogy in detail with the iron- 
carbon system, has been discovered by Hanson and Gayler in the 
alloys of aluminium and zinc. These authors ® have established 
for these alloys an equilibrium diagram which is reproduced in 
Fig. 3. The metallographic data upon which this diagram is 
based are so complete and have been so carefully determined 
that there can be no reasonable doubt of its validity, which has 
been further confirmed by a Japanese worker using entirely 
different methods. 

The portion of this diagram which is of particular interest in 
the present connection centres around a triangular area marked 
with the letter 8. In this region of temperature and concen- 
. tration the alloys, when equilibrium has been attained, consist 
of a single homogeneous solid solution. If they are kept at this 
temperature for a sufficient length of time and then quenched, 
and immediately examined microscopically, they are found to 
consist of an aggregate of simple polyhedral crystals. This 
microstructure is illustrated in Fig. 4 (Plate IX.), which has been 
obtained by very rapidly polishing the quenched specimen so that 
it could be etched 1$ minutes after quenching. If, on the other 
hand, such an alloy be cooled slowly, and particularly if its com- 
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position correspond with the lowest point of the triangular area in 
question, it exhibits a structure which is indistinguishable from 
the pearlite of carbon steel. This is shown in Fig. 5; as the 
diagram shows, we are here dealing with a typical eutectoid in 
every way analogous to pearlite itself, and the striking corre- 
spondence of the microstructure is a remarkable confirmation 
of this view. We have here, however, a case in which a 
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supersaturated solid solution can be obtained by quenching 
from a suitable temperature, and if this supersaturated solid 
solution can subsequently be decomposed in a suitable manner 
hardening should be anticipated. Actually, it is found that 
at the ordinary temperature the quenched supersaturated solid 
solution rapidly decomposes. If this process be studied under 
the microscope, a series of structures is found recalling in 
many respects the troostite and sorbite of carbon steel. Accom- 
panying this is found first a rapid hardening followed by a 
gradual softening. These phenomena are well illustrated in 
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Figs. 6 and 7 (Plate IX.), which represent the microstructures of 
transition stages, and in Figs. 8 and 9, which give time-hardness 
and time-temperature curves on specimens of these alloys taken 
immediately after quenching. From Fig. 8 it will be seen that 
the hardness rises very rapidly at first and then gradually falls. 
This series of changes is accompanied by a marked evolution of 
heat. On the basis of the general theory which has been out- 
lined above, these phenomena can be readily explained. The 
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Fia. 8.—Al-Zn. Time-Hardness Curves. 


supersaturated solid solution in this case at the ordinary tem- 
perature is too near its transformation temperature to remain in 
a metastable state, even for a short time. Consequently, the 
precipitation of the supersaturated solid solution, or rather in 
this case the breaking up of the metastable quenched 8 phase 
into the a and y phases of the aluminium-zine system, immediately 
commences. The first stage of this separation results in the 
formation, probably simultaneously, of very minute crystallites 
of a and y ina state of extremely fine division. Such a structure 
brings with it a considerable increase in hardness. Were it pos- 
sible to chill the alloys, as, for instance, in liquid air, at the precise 
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moment when they have reached their maximum hardness, there 
is every reason to believe that they would retain this hardness 
so long as they were maintained at a sufficiently low temperature. 
Actually, the experiment has been tried of chilling the alloys 
immediately after quenching, and in that case no hardening 
occurs. The subsequent changes which the alloys undergo can be 
readily explained in view of the successive microstructures which 
are observed. The very finely divided a and y phases coalesce 
into particles of increasing size with consequent diminution in 
hardness and a simultaneous evolution of heat. Ultimately, when 
the process has gone far enough, the hardness of the alloy is 
reduced very nearly to that of the original quenched solid 
solution. It will be evident at once that changes which occur 
after maximum hardness has been reached in these alloys are 
exactly analogous to the tempering of hardened carbon steel. 
Indeed, the whole of the phenomena, particularly in this system, 
are so closely analogous to those which are observed in steel 
that it is difficult to doubt that the same explanation is applicable 
to both. 

The observations and inferences which have just been described 
with regard to non-ferrous alloys lead to the general view that 
hardening is the result of the breakdown of a supersaturated or 
unstable solid solution, such a supersaturated solution being 
obtained as a rule as the result of quenching. The question 
arises whether this general explanation of hardening is applicable 
to the special case of iron-carbon and alloy steels. There seems 
to be little difficulty in interpreting the phenomena which occur 
in steel in the light of these views. Actually, the analogy is so 
close that it appears to need little elaboration, but there are one 
or two outstanding points of difficulty which require consideration. 
In the first place, the hardening of a quenched carbon steel occurs 
during quenching and not subsequently by any such process as 
age-hardening. Actually, it has been shown that there are 
changes which occur in quenched carbon steels even at the ordinary 
temperature, and Hadfield and Brush“ have shown that there 
is a gradual evolution of heat in a fully hardened carbon steel, 
thus completing the analogy with the quenched aluminium-zine 
alloys just described. The fact, however, that a quenched carbon 
steel is fully hard as soon as it is cold points to a factor which 
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requires full consideration when comparisons are made between 
different metals and alloys in regard to such a matter. The 
exact behaviour of any particular alloy when quenched and sub- 
sequently held at a constant temperature must depend upon two 
factors. The first of these is the rapidity with which transforma- 
tions or reactions occur in the metal, while the second is the relative 
position on the temperature scale of the temperature at which 
the alloy is held after quenching. In the case of the aluminium- 
zine alloys, room temperature is only some 240° C. below the 
transformation temperature and only some 450° C. below the 
temperature of complete fusion. In the case of the aluminium- 
silicon-magnesium alloys, the transformation temperature is 
considerably higher than in the aluminium-zine alloys, while the 
fusing temperature is also somewhat higher. In the case of a 
copper-iron alloy the ordinary temperature is very far below the 
melting point, and this is still more so in regard to iron and steel. 
We should therefore anticipate, as is actually the case, that while 
in the aluminium-zine alloys transformations at the ordinary 
temperature are very rapid, they are markedly less rapid in the 
aluminium-silicon-magnesium system, still less rapid in the copper- 
iron, and slowest of all in the iron-carbon system. Put in another 
way, one may regard various alloy systems as having ‘‘ equivalent 
temperatures’ at which the behaviour is analogous. It is 
therefore not surprising to find that in the aluminium-zine alloys, 
for instance, tempering after hardening takes place at the ordinary 
temperature, while in iron-carbon steel temperatures from 350° 
to 500° or 600°C. are required to bring about corresponding 
changes. 

The fact that quenched carbon steels are fully hardened as 
soon as they are cold is a direct consequence of the well-known 
fact that it is impossible in straight carbon steels to retain the 
alloy in the form of a homogeneous solid solution (austenite) by 
quenching, however vigorous: Expressed in terms of the views 
here described, this simply means that the decomposition of 
the supersaturated or metastable solid solution occurs during the 
actual cooling process in the quenching operation itself. The 
validity of this view is confirmed by the fact that in the 
presence of suitable quantities of manganese or nickel, steels 
can be obtained in a fully austenitic condition by quenching, 
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and that when thus retained in a state of homogeneous solid 
solution they are not hard. Further, such austenitic steels, if 
they are of precisely suitable composition, can be subsequently 
hardened or converted into the martensitic condition by raising 
their temperature, while further rise of temperature or prolonged 
exposure to heat results in tempering and again softening them. 
If the explanation which has been found so clearly and readily 
applicable to the non-ferrous alloys also applies to the alloys of 
iron, the hardening of steel must be ascribed to the breakdown 
of the y-iron solid solution (austenite) either by the deposition 
of a dissolved phase in a finely divided condition, or by the simul- 
taneous formation of two phases also in a very finely divided state. 
Fully hardened steel would therefore consist of extremely minute 
but crystalline particles of a-iron and cementite in an excessively 
fme state of division. Such a state implies the existence in the 
material of a very large amount of intercrystalline boundaries. 
Whatever the nature of this boundary may be, there can be no 
doubt that an extremely fine aggregate of this kind must present 
enormous resistance to plastic deformation by any such process 
as slip. We have here the explanation, possibly, of the very 
much greater hardness which is obtainable in hardened steel as 
compared with the non-ferrous alloys of which we have spoken 
above. In the alloys of the Duralumin type, for example, we have 
in the usual hardened condition fairly large crystals of aluminium 
solid solution through which is dispersed a quantity of the com- 
pound Mg,$i in an exceedingly fine state of division. The presence 
of an enormous number of these minute particles of a foreign 
body in the aluminium crystals must severely disturb their internal 
structure and interfere to a considerable extent with their ability 
to undergo plastic deformation by slip. It does not, however, 
by any means entirely destroy the mechanism of slip in these 
crystals, so that the resulting materials, although very much 
harder than in the annealed condition, are still appreciably ductile. 
By special treatment (prolonged heating at 200° C.) the hardening 
can be carried further, until ductility almost disappears, but even 
then the degree of hardening is still much smaller than in steel. 
In an alloy of this kind complete hardening is not obtainable, 
because the maximum amounts of magnesium and silicon which 
can be held in solid solution do not yield a sufficient quantity 
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of precipitated material after hardening entirely to disrupt and 
destroy the crystal structure of the aluminium matrix. In the 
case of the iron-carbon alloys a different state of affairs prevails. 
Here the whole of the y-iron solid solution undergoes transforma- 
tion, and the simultaneous formation of minute crystallites of 
ferrite and cementite, possibly still more or less entangled with 
vestiges of the original y-iron structure, results in a constitution 
in which a slip mechanism on any reasonable scale cannot exist. 
Ifsuch a structure is tempered—that is, if the particles are allowed 
to increase in size while they decrease in number—there will be a 
gradual reconstitution of a slip mechanism, at any rate in the 
ferrite crystals of the mixture, with the result that after a time an 
appreciable amount of slip mechanism can re-establish itself, so 
that we have with decreasing hardness an increasing degree of 
toughness and even of ductility. 

On the basis of the views just explained, fully hardened steel 
(martensite) consists of a mixture of excessively finely divided 
ferrite and cementite. Such a structure is in accordance with the 
fact that steel in this condition is magnetic, and that under X-ray 
analysis it shows the atomic structure of ferrite. Without going 
into full details, it may be suggested that the majority of the pro- 
perties of hardened steel can be readily accounted for by such a 
structure and constitution. There is, however, one outstanding 
feature in the microstructure of hardened steel which is not im- 
mediately accounted for by the explanation here put forward. 
This is the well-known acicular structure of martensite. In none 
of the non-ferrous alloys which have been studied in this connection 
has any closely analogous structure been observed. On the other 
hand, structures very similar to the needles of martensite can be 
found in other metals, which, while they do not appear to be capable 
of hardening, yet undergo allotropic transformations. Certain 
features which have been observed in the microstructure of 
cadmium by Jenkins, working at the National Physical Laboratory, 
show a striking resemblance to martensite and are undeniably 
associated with the allotropic transformations of cadmium. At 
the same time, it may be pointed out that martensite having a 
well-marked acicular structure is not necessarily hard. In steels 
of quite low carbon content, which undergo no appreciable degree 
of hardening as the result of quenching, a well-marked martensitic 
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structure is often developed, so that the connection between 
a martensitic structure and extreme hardness is perhaps rather 
accidental than causative. If the indications from the analogy 
of other metals can be trusted, one would be led to regard the 
acicular structure of martensite as associated primarily with the 
allotropic transformation of iron and only indirectly connected 
with the hardening process itself. 

The explanation of the hardening of steel which has been 
put forward in the present paper has already been summarised 
in the words: ‘‘ Hardening is due to the decomposition of a 
supersaturated or metastable solid solution obtaimed by quenching, 
such decomposition resulting m the production of a very large 
number of minute crystallites of one or more phases, either 
constituting the whole of the hardened material or scattered 
through a crystalline matrix.” That a structure of this kind 
should possess, In some cases, an extreme degree of hardness 
is readily understood, since the softness and plasticity of metals 
in their ordinary condition are known to be due to the possibility 
of plastic deformation by a mechanism of internal slip in the 
crystals. Any disturbance of the regular crystalline arrange- 
ment results in a corresponding increase of resistance to slip, and 
therefore increase of hardness. If the disturbance of the struc- 
ture be carried to the point where the slip mechanism is entirely 
destroyed or its functioning is eliminated, complete hardening 
results, and the degree of hardening in a given case will depend, 
in the first place, upon the exact extent to which the slip mechanism 
is disturbed, and in the second place, upon the actual cohesive 
strength of the metal in question. In hardened steel, both 
factors operate to produce maximum hardness. Iron itself, 
although very soft and ductile when in the pure state, possesses 
a high degree of cohesion; further, the simultaneous formation 
of a-iron and cementite during the decomposition of y-iron, as a 
result of the allotropic transformation of the iron itself, brings 
about a structural arrangement most completely preventing the 
occurrence of plastic deformation by slip. 

The relation of this view to earlier theories of the hardening 
of steel may be of some interest. It will be seen that the part 
played both by allotropic transformation and by carbon is fully 
recognised, since the allotropic transformation gives rise to the 
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sudden change in solid solubility, while the presence of carbon 
is necessary to furnish one of the two decomposition products 
of the solid solution. In one aspect also the present view is closely 
connected with the so-called amorphous theory of hardened steel 
suggested by the present writer in 1914. The kind of disturbance 
of the crystal structure of a solid solution which is produced by 
the formation in it of minute crystallites of a deposited phase 
may be described as rendering the substance more or less com- 
pletely amorphous in the immediate vicinity of each of these 
crystallites. One of the main features of the amorphous state is 
the very absence of slip mechanism, which in the present view 
is regarded as being essential to hardness. It may, however, be 
claimed that the views put forward rest upon a wider and more 
solid foundation than many of the older theories. A large amount 
of new experimental fact has been obtained, and a whole range 
of phenomena has been discovered, which bring the behaviour of 
steel on hardening closely into line with phenomena observed in 
other alloys. It may perhaps be too soon yet to say that the 
mystery of the hardening of steel has been completely solved, 
but a large amount of new light has undoubtedly been thrown 
upon it. 
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CORRESPONDENCE. 


Colonel Betatew (London) wrote to express his appreciation of 
and very great interest in, the paper. The author was to be congratu- 
lated on having brought forward a general theory of hardening which 
would allow of the problem of the quenching of steel being considered 
in the light of modern researches on non-ferrous alloys. 

In 1915, in a paper on ‘“‘ Metallography and the Hardening of Steel,” 
read before the International Engineering Congress in San Francisco, 
Professor Albert Sauveur made the following remarks : 

“Tt will likewise be obvious that no theory so far presented fully 
satisfies our craving for a scientifically acceptable explanation of the 
many phenomena involved. It would seem as if the methods used 
to date for the elucidation of this complex problem have yielded all 
they are capable of yielding, and that further straining of these methods 
will only serve to confuse the issue... . The conclusion seems war- 
ranted that new avenues of approach must be found if we are ever 
to obtain a correct answer to this apparent enigma.” The author’s 
paper, based as it was on the recent researches on non-ferrous metals 
conducted. mainly in the National Physical Laboratory and at the 
Bureau of Standards in America, undoubtedly explored a new and 
fruitful avenue of approach. 

If the author’s paper were taken conjointly with the memoir by 
Zay Jeffries and Archer on “‘ The Slip Interference Theory of the 
Hardening of Metals,’ 1 and also with Carl Benedicks’ observations on 
hardening and slip,? it became apparent that the general trend of 
scientific thought lay with the view that hardness was mainly due to 
the interference with slip and, as the author put it, “‘ Neither an 
exceedingly hard allotropic variety of iron nor an adamantine iron- 
carbon compound are necessary ”’ for the explanation of the hardness 
of hardened steel. 

According to Jeffries, “In a pure metal the most simple source of 
increased hardness is grain refinement, which introduces slip inter- 
ference at the grain boundaries”’; he also introduced the idea of ‘‘ key- 
action ” by small hard particles, and says that: “ Effective hardening 
is obtained by slip interference within the grains, due to the presence 
of hard constituents uniformly distributed in the form of very fine 
particles.” The hardness of martensite was explained by Jeffries”as 
follows: ‘* Martensite consists of a solid solution of carbon in very 


1 Chemical and Metallurgical Engineering, 1921, vol. xxiv. pp. 1057-1067. 

2 “On the Cooling Power of Liquids,” Journal of the Iron and Steel Institute, 
1908, vol. Ixxvii. See also by the same author, Revue de Métallurgie, 1922, 
vol. xix. pp. 505-513, and “‘ Beitrage zur Kenntnis der Elektrizitatleitung in 
Metallen und Legierungen ” (Aachen, 1916). {** Jahrbuch der Radioaktivitat und 
Electronik,” vol. xiii., H. 4, pp. 351-395. See p. 390 on “ Key-action.” 
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fine-grained alpha-iron, The hardness is due chiefly to the grain 
refinement of ferrite, but partly to the carbon in solution.” 

Thus the problem of the hardness of quenched steel was considered 
from the general point of view of grain refinement and of key-action, 
but from that standpoint only. The special problem offered by the 
martensitic structure, and the extraordinary large increase of hard- 
ness in it, were not specially dealt with. 

Dr. Rosenhain took a general view of the problem when he said 
that, “ Hardening is due to the decomposition of a supersaturated or 
metastable solid solution obtained by quenching, such decomposition 
resulting in the production of a very large number of minute crystal- 
lites of one or more phases, either constituting the whole of the hardened 
material or scattered through a crystalline matrix” (p. 160). He 
(Dr. Rosenhain) also linked up the decomposition of the metastable 
solution with interference with slip, by saying that ‘“‘ any disturbance 
of the regular crystalline arrangement results in a corresponding 
increase of resistance to slip, and, therefore, increase of hardness.” 
But, on the other hand, Dr. Rosenhain was fully alive to some peculiari- 
ties in the properties and in the structure of hardened steel ; therefore 
he dwelt at some length on “ one outstanding feature in the micro- 
structure of hardened steel which is not immediately accounted for 
by the explanation put forward. This is the well-known acicular 
structure of martensite” (p. 159). However, in what followed the 
author did away with that peculiarity of the ferrous alloys by saying 
that martensite was not necessarily hard, and concluded that marten- 
site was “‘ associated primarily with the allotropic transformation of 
iron and only indirectly connected with the hardening process itself ”’ 
(p. 160). That point, however, seemed to him (Colonel Belaiew) of 
particular importance, and he wished to submit the following con- 
siderations and suggestions. 

As he had stated above, and explained in his contribution to 
Chemical and Metallurgical Engineering on the slip interference 
theory, he was in agreement with the general conclusions of the 
author that grain refinement and (with Jeffries and Benedicks) that 
key-action might be and was productive of an increase in hardness 
either in ferrous or in non-ferrous alloys. Where he found some 
difficulty in following the author up to the logical end of his conclu- 
sions was in admitting that such a large and sudden increase in hard- 
ness, as in quenched steels, was due only and wholly to grain refinement, 
or even to grain refinement and key-action. If it were so, some of 
the sorbites ought to have a hardness number equal to that of corre- 
sponding quenched steels ; but that seemed contrary to fact. There- 
fore he was inclined to uphold his former views—that a certain and 
always considerable amount of the increase in hardness was due to 
the process peculiar to the iron-carbon alloys, namely, the allotropic 
change from gamma- to alpha-iron. Further, he believed that that 
change resulted in the martensitic structure, which, in his view, was 
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a Widmanstitten structure pure and simple; and, finally, that the 
occurrence of the martensitic-Widmanstatten structure during quench- 
ing produced a vast amount of deformation—exhausting, so to speak, 
to a very large degree the latent possibilities of internal slip in any 
and every austenitic grain, thus interfering with a further possibility of 
slip and bringing about a considerable increase of hardness. 

It seemed to him that the close analogy between the “ acicular ”’ 
structure of martensite and the Widmanstatten structure had often 
been overlooked or, at any rate, not sufficiently emphasised. By 
calling the martensite deposits “‘ needles” a further point of contact 
with the characteristic shape of the Widmanstatten deposits was lost 
sight of. Some time ago Benedicks quite rightly pointed out that as 
the so-called “‘ needles ” appeared as such on every section they, after 
all, could not be needles at all, and must be considered rather as being 
like plates or lamellee. On the other hand, a closer scrutiny of marten- 
site samples! showed that most of the sections exhibited not three 
directions, as was sometimes supposed, but four, as befitted a general 
octahedral section. 

The following facts were therefore to be assembled for simultaneous 
examination : 


1. The change from gamma- to alpha-iron during quenching. 

2. The simultaneous occurrence during quenching of the Widman- 
statten structure. : 

3. The sudden and large increase of hardness in quenched specimen. 

4. The influence of the carbon content on the degree of hardness 
in quenched specimen. 


The allotropic change from gamma to alpha iron during quenching 
involved a change of volume, as the face-centred cubic arrangement 
of gamma-iron had to reshape itself into the cube-centred alpha arrange- 
ment. As the recent investigations of Westgren had shown, that after 
quenching at least the major part of iron was in the alpha state, the 
change in volume must be considerable. Furthermore, that increase 
of volume occurred in every austenite grain, in every, so to say, point 
of every grain, and in a very short space of time. It followed that 
the resulting internal stresses would also occur simultaneously and 
almost instantaneously in every point of the quenched specimen. The 
rigidity of the cooled specimen would prevent any considerable adjust- 
ment of the grains or of their parts to those stresses after quenching. 
The resulting structure would have lost a considerable amount of its 
former ductility and the material would become hardened. The actual 
process leading to hardening might occur somewhat in the following 
way. 

1 See, for instance, photograms 2-8 of Carl Benedicks and Eric Walldow’s 


paper, ‘‘ Réranda martensitens Konstitution ets,” 1918, Bihang lll Jernkontorets 
Annaler. Heft. 6, 
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The change from the gamma to the alpha state occurred simultane- 
ously in every grain. The space of time allotted to that change was 
very short, but still it might be expected that that change would be 
gradual; the regions where the change occurred first would appear 
as “ blocks” or “ plates,” and those would gradually fill the whole 
or a part of the austenite grain. Owing to the speed of the process, 
the separation of alpha-iron could not occur mostly or only at the 
boundaries, and necessarily would occur inside the grain.1 As the 
matrix was face-centred, the gliding planes were those of the octa- 
hedron, and the first deposits of alpha symmetry would lodge them- 
selves parallel to the four pair of faces of the regular octahedron, 
thus giving the Widmanstitten figures of the acicular martensitic 
structure. 

The increase of volume caused by the appearance of the first 
“ blocks ” or “* plates’ would cause the occurrence of stresses ; those 
in turn would cause gliding on the octahedral planes and, finally, 
the appearance of twinned lamelle at the intersection of every pair 
of planes, as suggested by Thompson and Millington, thus leading to 
the Carpenter and Edward ‘‘ twinned martensite.” 

The simultaneous appearance of blocks or plates of cube-centred 
symmetry in every austenitic grain, the resulting gliding on various 
octahedral planes, and the consecutive appearance of areas of twinned 
material, would lead to the decrease of the possible amount of further 
deformation or further potential slip ; the material would be hardened. 
The increase of hardness thus produced might account for the difference 
in hardness between a martensitic and a sorbitic specimen of the same 
grain-size. 

As the influence of carbon seemed to be to retard the trans- 
formation from gamma- to alpha-iron, he (Colonel Belaiew) sug- 
gested that the larger the carbon content the smaller would be the 
time available for the transformation at any given rate of quen- 
ching, and, consequently, the more sudden the separation of alpha-iron 
and the formation of the martensitic structure, and the greater the 
hardness. 

In concluding he wished to take the opportunity of stating that 
recent work on the structure of austenite and martensite had con- 
vinced him of the correctness of Dr. Rosenhain’s views on the nature 
of carbon in solid solution. As previously on many occasions he 
(Colonel Belaiew) had tried to uphold the “ carbide” hypothesis as 
against that of the atomic dispersion of elementary carbon, he gladly 
acknowledged his misconception and the truth of Dr. Rosenhain’s 
contention. 


Mr. G. R. Botsover (Sheffield) congratulated the author on 
putting forward a rational explanation of the hardening of steel, which 


1 “ On the Genesis of Widmanstatten Structure,” by Colonel N. T. Belaiew, 
Mineralogical Magazine, 1924, vol. xx. pp. 173-185. 
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in general would be accepted by most people, although the suggestions 
in detail were still matters for discussion. In principle the theory was 
that of “ slip interference,” as put forward in America by Jeffries, a 
theory which probably has more in its favour than any other which 
had been put forward for the explanation of the hardening of metals in 
general, and of steel in particular. As regarded the detail of the ex- 
planations put forward, Dr. Rosenhain stated on p. 159, “ On the basis 
of the views just explained, fully hardened steel (martensite) consists 
of a mixture of excessively finely divided ferrite and cementite.” 
Why ferrite and cementite ? That alpha-iron was present was evident, 
but that cementite was one of the constitutents was by no means 
established. If such were the case it would be expected, with steel of 
a given composition, say for simplicity 0°9 per cent. carbon, that, as 
the speed of cooling from above the change was reduced, there would 
be increasing opportunity for coagulation of the cementite particles with 
a corresponding decrease in resistance to slip, and a resultant gradual 
decrease in, for instance, Brinell hardness values. Such was not the 
case, as it was found that for the steel in question a perfectly quenched 
sample would give Brinell hardness of 650 to 700 (according to the 
method of determining the hardness), and with a reduction in the 
cooling velocity there was no change in that hardness value until 
troostite was obtained, when the Brinell value dropped suddenly from 
the former figure to 450. That suggested a fundamental difference in 
condition between martensite and troostite, and he (Mr. Bolsover) 
would suggest that in martensite there was alpha-iron and carbon, the 
latter being present in uniform atomic dispersion—or, in other words, 
the carbon was in enforced solid solution in the alpha-iron. With 
slower speeds of cooling beyond the critical speeds necessary to 
maintain the foregoing condition, the carbon combined with some of 
the iron, forming molecules of iron carbide, and when that condition 
was reached the steel had been converted into a truly troostitic condition. 
With still slower speeds of cooling the individual carbide particles 
would become larger, leaving greater areas of ferrite with a conse- 
quent decrease of slip interference, and that is found to be so. Once 
the troostitic condition was. passed, it was possible to have a whole 
range of hardness values in a quenched specimen from 450 Brinell 
downwards. 

With the above explanation it was difficult to see how Dr. Rosenhain 
would account for the lack in quenched samples of a condition of steel 
intermediate between that of martensite and troostite. 


Sir Ropert Hapriexp, Bart., F.R.S. (Past-President), wrote that 
the paper on “ The Hardening of Steel” by Dr. Rosenhain appeared 
to him to be one of the most important papers with regard to the 
physical condition of steel which had come before the Institute for some 
time past. He had been specially interested in the conclusions reached 
on pp. 159to161. As Dr. Rosenhain rightly claimed, there was no doubt 
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that fully hardened steel consisted of iron and carbide in an exceedingly 
fine state of division, or as termed by him, “ excessively finely divided 
ferrite and cementite.” Dr. Rosenhain went on to say that that 
explanation did not immediately account for the well-known acicular 
structure of martensite. He instanced structures which were hard 
but not acicular, and others which were acicular but not hard. Dr. 
Arnold had stated that properly hardened carbon steel was structureless 
under the microscope. Hence he (Sir Robert) could fully agree with 
Dr. Rosenhain’s statement that “ the connection between a martensitic 
structure and extreme hardness is perhaps rather accidental than 
causative,” that was, if the word “ acicular” was substituted for 
* martensitic.” 

There were several points in relation to the structure of hardened 
steel about which he wished to ask the following questions, as they 
seemed to him to bear upon the main subject under consideration. 

In manganese steel which was heated to 500° C. for about sixty 
hours, a martensitic structure was produced and the material became 
magnetic ; in some cases its specific magnetism as compared with 
pure iron was as much as50 percent. Before that treatment the specific 
magnetism was a mere trace, namely, 0:10 per cent., or even less. 
The Brinell ball hardness rose from about 200 in the non-magnetic to 
444 in the magnetic condition. A paper entitled “ The Magnetic and 
Mechanical Properties of Manganese Steel” was read before the 
Institute by the late Professor Bertram Hopkinson and himself which 
dealt with that interesting subject. The austenitic structure of 
manganese steel in the water-toughened condition and the acicular 
structure obtained by prolonged heating at 500° C. were shown 
by the accompanying photomicrographs, Nos. 1 and 2 respectively 
(Plate IX.a). 

Now the same manganese steel in its non-magnetic condition and 
possessing the well-known austenitic structure, after quenching, would 
have a hardness of about 200 Brinell. Yet the hardness of that 
material in the form of a tensile test-bar which had been elongated in 
the testing machine, say 60 per cent. on a length of 4 inches, became 
increased to no less than 550 Brinell ball number, though the 
material still remained non-magnetic. There was a slight increase 
in specific magnetism, namely, to about 0-30 as compared with under 
0-10 before being strained by tensile testing. Thus there was obtained 
a material which was quite as hard as, or even harder than, that pro- 
duced by heat-treating the same steel at 520°C. A micro-examination 
showed that the material had not changed its constitution in any 
way; no new constituent had appeared, but the crystals had simply 
been disturbed, as shown by photomicrograph No. 3. So far he (Sir 
Robert) was not aware that a satisfactory explanation had been given 
for those peculiar results. 

It would appear, therefore, possible to raise the hardness of 
manganese steel from 200 to nearly glass-scratching hardness (about 
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600) by the two methods just described, one, as the photomicrograph 
showed, indicating an enormous structural change, whereas in the 
other there was no change beyond distortion. 

In considering the variation in hardness capable of being produced 
in manganese steel by mechanical and thermal treatment, the accom- 
panying photomicrographs (Figs. 1 to 4, Plate [X.a) would appear to 
be of interest. 

Photomicrograph No. 1 represented the standard Hadfield man- 
ganese steel, water-quenched from about 1000° C., and of austenitic 
structure. The yield point was 24 tons per square inch; tenacity, 
67 tons per square inch; elongation, 65 per cent., and reduction of 
area, 45 per cent.; ball hardness number, 200; specific magnetism 
practically nil, under 0-20 per cent. Photomicrograph No. 3 repre- 
sented similar material to No. 1—namely, forged manganese steel, 
water-quenched from about 1000° C., and after being cold-worked 
by straining in the tensile testing machine. The particular test-bar 
from which that photomicrograph was taken possessed a yield point 
of 27 tons per square inch, a tenacity of 67 tons per square inch, an 
elongation of 74 per cent., and reduction of area of 47 per cent. ; 
ball hardness number 235 before testing, and afterwards 512, taken 
at the fracture; specific magnetism under 0-10 per cent. before testing, 
and about 0-30 per cent. after testing. 

It would be observed that after being strained as above described 
the material still retained its austenitic structure. Moreover, that 
structure was not martensitic, the manganese steel lines (to use the 
late Professor Howe’s term) on each grain being due to stress. The 
specific magnetism remained practically the same as No. 1, that was, 
non-magnetic, but the ball hardness number had increased to no less 
than 512. 

Photomicrograph No. 2 represented similar material, water- 
quenched from about 1000°C., then reheated to 500°C. for sixty 
hours and slowly cooled in the furnace. It would be noticed that 
the austenitic structure had entirely disappeared, being replaced by an 
acicular structure. The steel was now very brittle, with a tenacity 
of under 30 tons per square inch, practically no elongation, and shock 
tests showed no bending angle at all. The ball hardness number 
was 444, and in some cases reached over 500. The specific magnetism 
had increased from practically nil to 41-00 per cent. as compared 
with Swedish charcoal iron, 100-00 per cent. 

Photomicrograph No. 4 represented a compression piece 0-7979 inch 
diameter and 1 inch in length of forged manganese steel, water-quenched 
from about 1000°C. Before compression it possessed a ball hardness 
of 214, but after compression with 400 tons per square inch its 
hardness was increased to 555, and in one portion of the specimen to 
570 ball hardness number. 

The original photomicrographs had been reduced to 2 /3 linear 
dimensions in the half-tone reproductions shown. 


CORRESPONDENCE ON DR. ROSENHAIN’S PAPER. 169 


The following are the exact compositions of the various specimens 
referred to: 


ppOnee eee Carbon. Silicon. Manganese. 
] 1-16 0 +34 12 -36 
2 1-26 0-32 13-38 
3 1-23 0-27 12-98 
4. 1-36 0:29 13-00 


The above results showed that, in manganese steel, it was pos- 
sible to obtain very great increase in hardness without apparently any 
chemical or structural change taking place. 


Professor K6Tar6 Honpa (Sendai, Japan) wrote that the theory of 
hardening put forward by Dr. Rosenhain was a very ingenious explana- 
tion of the cause of the hardness of the alloys of the Duralumin type, 
as well as that of steels. It was interesting to note that his way of 
explaining the hardening was just the reverse to his (Professor Honda’s). 
Thus while Dr. Rosenhain explained the hardness of steel just as he 
did the hardening of light alloys, he (Professor Honda) explained the 
hardening of light alloys in just the same way as that of carbon steels. 
The essential point of Dr. Rosenhain’s theory depended on the nature 
of the martensite ; according to him, martensite was a decomposition 
product of austenite, but he (Professor Honda) considered the structure 
to be a homogeneous substance or phase. From the standpoint of 
microscopic observation, the martensite consisted of very beautiful 
needle-shaped crystals and was considered to be a solid solution of 
carbon in a-iron. A number of the physical properties of the martensite 
accorded very well with that view. One important phenomenon to 
be noticed was the diffusion of the X-ray spectrum lines of martensite. 
That was usually explained by assuming that each individual needle- 
shaped crystal consisted of a very large number of minute crystals 
orientated at random, their linear dimensions containing only several 
hundreds of atoms. That explanation did not, however, agree well 
with the result of microscopic observation, but the following new 
explanation would very probably express the actual fact. 

Owing to a very rapid cooling, the martensite structure underwent 
a great internal stress ; a number of martensitic crystals were in a state 
of tension and numbers of others in a state of compression (not only 
hydrostatic tension or compression, but also simple tension or com- 
pression), their intensities varying from crystals to crystals. Shear 
being considered as made up of tension and compression, did not 
require special consideration. Hence in certain groups of crystals the 
lattice distance increased in one direction and decreased in the per- 
pendicular direction, and in other groups it was uniformly increased 
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or decreased ; the amount of those changes depended on the intensity 
of stress, being of the order of z,4) 5 of the lattice distance. There were 
also many groups of crystals whose lattice constant remained un- 
changed. When such an aggregate of minute crystals was examined 
by the X-ray, it was to be expected that the spectral lines would be of 
a diffused nature. Thus the diffusion of spectral lines was satisfactorily 
explained by the deformation of the space-lattice by stress, and hence 
there was no need of assuming a very finely dispersed structure of the 
martensite. According to the above explanation, from the maximum 
range of the diffusion the maximum stress could be estimated. Taking 
the maximum diffusion of the lines to be +,4,, of the lattice-distance, 
the intensity of the internal stress was found to be about 20 kg./mm.?, 
which was of the right order of magnitude. It could thus be safely 
concluded that the martensite consisting of very well-defined crystals 
was not a decomposition product, but a definite homogeneous phase, 
being a solid solution of carbon in a-iron, and consequently that 
Dr. Rosenhain’s extension of the hardening theory of light alloys to 
the case of steels did not hold good. 

Dr. Rosenhain explained the hardness of the martensite by the 
slip-interference on the boundaries of individual crystals. According 
to his (Professor Honda’s) opinion, crystal boundaries had no very 
different properties from the crystals themselves, and hence the slip, 
although somewhat difficult across the boundaries, was not, obviously, 
impossible. The fact was that across the boundary the directions of 
the slip-planes generally changed as the direction of the space-lattice 
was different for different crystals, and hence the slip was more or less 
prevented by the boundary. So although the increase of the hardness 
of a certain amount was to be expected, the great hardness of the 
martensite could not be explained by the presence of the large number 
of boundaries of minute crystals, unless some special assumption were 
made as to the nature of the boundaries, such as an amorphous layer 
possessing an enormous specific strength, an assumption which was 
very improbable. Hence an attempt to explain the great hardness of 
martensite slip-interference on the boundary seemed to him untenable. 

In regard to the hardening of the alloys of Duralumin type, here 
again the main point of dispute was whether the aged Duralumin was 
the decomposition product from a solid solution or not. There was 
no direct proof of the decomposition product ; the fact was that if it 
were assumed that the ageing of Duralumin was due to the precipitation 
of a compound Mg,Si from the solid solution-and that that dispersed 
substance was very hard, the hardening phenomenon could be satis- 
factorily explained. It was, however, known, as an experimental fact, 
that the ageing was not due to the precipitation of the compound ; 
because, as was found by Dr. 8. Konno! during the precipitation of 
the compound by tempering, the electric resistance decreased, but, on 
the contrary, during ageing, the resistance continuously increased. 


1 §. Konno, Japanese Report, 1920; Science Reports, 1922, vol. xi. 
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Hence so long as a direct proof of the precipitation theory was not 
given, he could not admit the explanation as given by Dr. Rosenhain. 
The hardening effect of the alloys of the Duralumin type could be 
satisfactorily explained without taking account of the precipitation 
theory.! 

Since the hardening phenomena of Duralumin were similar to those 
of carbon steels, they could be explained ina similar way. The solubility 
of Mg,Si in aluminium increased rapidly with the temperature, but the 
dissolution or precipitation went on very slowly. Hence a greater 
part of the dissolved Mg,Si above 500° C. precipitated or separated 
out by a very slow cooling ; but by a rapid cooling the precipitation 
was arrested. The precipitation consisted of the change : 


y solid solution — a solid solution + Mg,Si, 


or simply expressed, 
y> a. 

Since Mg,Si was atomically dispersed in the solid solution of 
aluminium, its separation was not easy ; hence it might properly be 
assumed that the distribution of manganese and silicon atoms in the 
solid solution of aluminium was first changed into a less stable con- 
figuration which was more favourable to the separation of manganese 
and silicon atoms as Mg,Si, and then the precipitation followed. 
That less stable or metastable configuration of manganese and silicon 
atoms in the solid solution was called 8; £8 was a solid solution 
and corresponded with the martensite in the case of steels, and was 
assumed to be much harder than y ora. The process of precipitation 
consisted therefore of the changes : 

y> Boo. 


According to the above view, by quenching Duralumin in water, 
even the first change, y —> 8, was partially arrested, and 6 was obtained 
mixed with y at room temperature. The y thus arrested changed, at 
room temperature, very slowly into a hard solid solution 8; but 8 
changed but very little intoa. The consequence was that by quenching 
the alloy was hardened, and its hardness increased with time. Thus 
the immediate effect of quenching was determined by the quantity of 
B present, and the ageing effect by that of y arrested. 

If the quenching were very severe, a large part of y was present 
at room temperature, only a small remainder being (, so that the 
immediate hardening effect was small, but the ageing effect was very 
large. As the quenching became less drastic, the quantity of B at 
room temperature increased and that of y decreased, so that the 
immediate effect increased, but the ageing effect decreased. By 
heating the quenched specimen a little, say to 100°, the change of the 
arrested y into 8 was accelerated, so that the ageing took place in a 
comparatively short time, as actually observed. But if the heating 

1 §. Konno, Loc. cit. 
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temperature were too high, say 300° to 350°, not only the arrested y 
changed into 8, but also the second change, 8 a, took place com- 
paratively rapidly, owing to the diminution of viscosity, so that the 
hardness decreased as a whole. That was the case in tempering 
Duralumin. 

The compound Al,Cu in Duralumin behaved also in a similar way, 
but to a less marked degree. 

With regard to the specific resistance o of a, 8, y, in conformity 
with the experimental fact, it was assumed that 


Ta < OB > oy. 


The fact that during the ageing of the quenched Duralumin the 
specific resistance increased was a consequence of the gradual change 
of arrested y into f. 

In the reheating curve of specific resistance or thermal expansion 

of a quenched Duralumin, two slipped abnormal changes were ob- 
served at 210° and 280°. Those changes were due to the separation 
of the compounds Mg,.Si and Al,Cu respectively from the aluminium 
solid solution during tempering. 
Taking another case of an alloy of aluminium-zine considered by 
Dr. Rosenhain (pp. 153-156 in his paper), according to the above view, 
the microstructure in Fig. 4, Plate [X., in his paper was the y phase 
( = £ in his notation), and in Fig. 6 the white areas were f in his 
(Professor Honda’s) notation (not B in Dr. Rosenhain’s notation), 
which was changed from y, and the dark areas the decomposed product 
a (in his, Professor Honda’s, notation), just like troostite or sorbite 
in the case of carbon steel. With helapse of time, owing to the 
progressive decomposition of 8 (not 8 in Dr. Rosenhain’s notation), 
dark area increased at the cost of white area. The @ being harder 
than y and a (Professor Honda’s notation), it was to be expected that 
the hardness of the quenched alloy showed first increase, reach a 
maximum, and then decrease. 

The above explanations were given by way of examples; but all 
the results cited by Dr. Rosenhain could be equally well explained by 
the above theory. 


Professor F', C. Tompson (Manchester) wrote, Dr. Rosenhain’s paper 
divided itself into two distinct portions. In the first place, he had 
attempted to draw attention to the similarities which existed between 
the age-hardening of Duralumin and other alloys and the hardening of 
steel, thus linking up ferrous and non-ferrous metallography. To a 
considerable extent his conclusions appeared to be justifiable, and good 
service to metallurgy had been done. The second part of the paper 
dealt with Dr. Rosenhain’s views of the constitution of martensite, and 
it is mie that section that he (Professor Thompson) wished particularly 
to deal. 

Those views appeared to have had their basis in Dr. Rosenhain’s 
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conception of the mechanism of the age-hardening of the Duralumin, 
and it was therefore of interest to consider how far those ideas could 
legitimately be accepted. It was admitted by the author on p. 150 that 
no evidence had yet been obtained that during that ageing anything 
was actually precipitated from the solid solution, and the statement, 
therefore, that the particles which were believed by him to be so thrown 
out of solution must be of ultra-microscopic dimensions was distinctly 
weak. It was also possible that no microscopic change was detected, 
because there was none to detect. In other words, that the changes in 
properties during ageing were not due to any precipitation, but to the 
development of internal stress. There was very direct evidence that 
the latter view was the more accurate. If, as Dr. Rosenhain assumed, 
magnesium silicide was thrown out of solution during ageing, there 
should be a marked drop in the electrical resistivity. Konno had 
shown, however, that during the process the resistivity, so far from 
falling, as it would do if Dr. Rosenhain was correct, actually showed 
a distinct increase. That fact was in absolute opposition to Dr. 
Rosenhain’s views, but it explained why no structural change was 
to be detected. 

In the hardening of steels there was equally good evidence that no 
precipitation of carbide occurred, and thus that the formation of marten- 
site was not the result of the operations which were suggested in the 
paper. Both in plain carbon and in alloy steels it had been shown that 
in martensite the resistivity was that compatible with the view that the 
carbide existed still in an extremely supersaturated solution in a-iron. 
If that were so, then the hardening of steel was not due to the process 
suggested by the author, but again to the production of internal stress. 
Further, if Dr. Rosenhain’s views were to be adopted, they would 
involve the assumption of a structure for martensite which was identical 
with that at present believed to be that of troostite, and that would 
entail discovering, for the latter constituent, some entirely new con- 
stitution, which would be the more deplorable, since the whole of the 
known properties fitted in so well with the idea that it did consist of— 
as Arnold called it—an emulsified pearlite, or, in Benedick’s terms, a 
colloidal solution of carbide in a-iron. The constitution of martensite 
as Dr. Rosenhain saw it was exactly the constitution of troostite as all 
the work so far done revealed it. 

There was another aspect of the theory which Dr. Rosenhain 
propounded which he might consider. It was clear from the results of 
several workers that the tempering of martensite was not a continuous 
process, but took place in two distinct stages. It would be of interest 
if Dr. Rosenhain would indicate how that was possible on the lines of 
his theory. It was true that the ageing of Duralumin could also be 
shown to take place in two stages, but the evidence was good that that 
arose from two distinct precipitations, one of Mg,Si and the other of 
CuAl,. 

A further serious weakness in the argument that the hardening of 
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steel and of the non-ferrous materials followed the same lines arose 
from the absence of a “ martensite” inthe Duralumin. Structurally, 
austenite, martensite, and troostite were perfectly distinct and readily 
detected microscopically. In the whole of the non-ferrous alloys so 
far examined two constituents only could be seen—the analogues of 
austenite and troostite. The martensite stage was always micro- 
scopically absent, and an attempt to explain the hardening of steel from 
analogies in which the martensite stage was non-existent was clearly 
unsatisfactory. The argument used in the paper that, since other non- 
ferrous materials showed a martensitic structure, the existence of that 
in the non-ferrous materials was proved was very weak. It would be 
agreed that a structure analogous to martensite could be seen in many 
non-ferrous metals and alloys. Pure zinc showed it clearly, as would 
be seen from the illustration in Smith’s book on that metal. Quenched 
Muntz metal also showed it extremely well, but those facts would not 
appear to be of much use to Dr. Rosenhain. To substantiate his theory - 
it was clearly necessary that he should be able to show that those 
materials which showed hardening effects should also show a “ marten- 
site’ themselves as an intermediate product between the “ austenite ” 
and the “ troostite.”’ That he had failed to do. 

He (Professor Thompson) was forced to conclude, therefore, that 
martensite had not the structure ascribed to it by Dr. Rosenhain, nor 
was its hardness to be explained in the way he assumed. 

There was one other point of detail to which attention should be 
drawn. On p.159 the author stated that “‘ here the whole of the y-iron 
solid solution undergoes transformation.” That might be Dr. Rosen- 
hain’s view, but it would have been better had the statement been made 
in a somewhat less dogmatic fashion. It was, to say the least of it, 
very far from certain that all the y-iron had been transformed. To 
take one example only, there was very real reason to believe that the 
sole object of ageing a magnet steel was to cause the transformation of 
the residual y-iron in the martensite. 

To say, therefore, as the author did, that “‘ a large amount of new 
light has undoubtedly been thrown on the subject ”’ was open to serious 
criticism. To him (Professor Thompson) the position stood exactly 
where it had done before, and the paper afforded no adequate reason 
for the alteration of his view that martensite was an extremely super- 
saturated solid solution of iron carbide, with possibly dissociated 
carbon in a-iron, together with an indeterminate amount of unchanged 
y-iron, the hardening being due to the formation of internal stresses 
and not to any precipitation of carbide from solution. 


Mr. J. H. Wuiretey (Saltburn) wrote that although Dr. Rosenhain 
had shown in his usual clear and forceful manner the close similarity that 
existed between the behaviour of certain alloys and steel on quenching, 
he (Mr. Whiteley) thought that he was in danger of confusing marten- 
site with troostite. It was now generally accepted that troostite 
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consisted of an exceedingly fine mixture of a-ironand cementite. Indeed, 
strong proof of that was afforded by the fact that it stained with sodium 
picrate which, as far as he (Mr. Whiteley) had observed, true martensite 
failed to do. If, as Dr. Rosenhain maintained, martensite was also 
simply a mixture of a-iron and cementite, then, since troostite was 
similar in character, the transition from the one to the other should 
surely be gradual, which was by no means the case. There was always 
a clear line of demarcation between the two on the etched surface, a 
feature which did not seem to accord well with Dr. Rosenhain’s explana- 
tion of martensite. On the other hand, between troostite and sorbite 
that abrupt change was much less pronounced, as might be expected, 
since both were mixtures of the same constituents. It would be very 
interesting to have Dr. Rosenhain’s views on the nature of troostite 
from the standpoint of the theory he had advanced in his paper. 


Dr. W. Rosrenuaty, F.R.S. (Teddington), wrote, in reply to the 
above correspondence, that in a reply of reasonable length it was difficult 
to deal with the large number of points which had been raised. He 
(Dr. Rosenhain) was not surprised to find that a number of metallur- 
gists adhered to the older views on the hardening of steel with remark- 
able tenacity. The newer and more generalised views which he had 
put forward would necessarily take time to carry the conviction to 
which he believed they were entitled. Curiously enough, however, 
there was no unanimity among those who attacked his (Dr. Rosen- 
hain’s) views as to the proper alternative theory, each contributor to 
the discussion advancing different and incompatible views. Dealing with 
those in turn, Colonel Belaiew, like several of the other writers, could 
not accept his (Dr. Rosenhain’s) view of the nature of martensite. 
Colonel Belaiew apparently adhered to the older view that martensite 
was largely a product of twinning, although he admitted, in view of the 
indisputable X-ray evidence, that alpha-iron was present. It might 
be pointed out that it was not necessary, in connection with the theory 
put forward in the paper, to come to any decision as to whether or not 
twinning played a part in the production of the martensitic structure. 
The main point, however, was that twinning alone could not possibly 
account for the hardness of martensite. Copper which had been cold- 
worked and annealed was very freely twinned, but was, if anything, 
rather softer and not harder than before. There was, in fact, no 
evidence that the existence of twinned formation tended to harden 
the material. If twinning did not contribute to hardness, on the view 
put forward by Colonel Belaiew, it would have to be ascribed to internal 
stresses. On that point it had to be remembered that a change of 
volume which occurred simultaneously, or almost simultaneously, 
throughout a mass of metal, need not, and, in fact, could not, give rise 
to any system of internal stresses. Such stresses only arose when 
portions of a mass underwent change of volume, and that change was 
resisted by other portions which had not undergone any change. If 
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the hardness of steel were so closely connected with the production of 
internal stresses, larger masses of steel would be more readily and fully 
hardened than very minute ones. None the less, full hardness could 
be obtained more readily in the finest wire in which the existence of 
stresses due to differential expansion could scarcely be assumed. There 
was also the further argument that the transformation described by 
Colonel Belaiew must occur at least as completely in pure iron as 
in a carbon steel; yet, as was well known, pure iron underwent no 
appreciable hardening by quenching. 

Mr. Bolsover began by suggesting that in principle the theory put 
forward in his (Dr. Rosenhain’s) paper was the “ slip interference ” 
theory of Jeffries. While by no means anxious to raise any questions 
of priority, particularly in connection with Dr. Jeffries, with whom he 
(Dr. Rosenhain) maintains the most friendly relations, he would point 
out that Jeffries’ contribution to that theory consisted mainly ofa clear 
and more detailed restatement, under a new name, of views originally 
put forward by Beilby. Beilby’s views had been further elaborated in 
the present paper, and Jeffries’ contribution only came at a much later 
stage. There was, however, one important point upon which the 
theory put forward in the present paper differed from that of slip 
interference as enunciated by Jeffries. In Jeffries’ view, interference 
with slip was due to the presence, on or among the slip planes, of hard 
particles which acted as keys. In his (Dr. Rosenhain’s) view the 
presence of actual hard particles was by no means essential, and would 
not, in fact, be efficient for such a purpose. The interference with slip, 
according to the present view, was due not to any key action or to the . 
presence of hard particles, but to general disturbance of the lattice 
structure resulting in an increased resistance to slip which might, in the 
last resort, amount to the complete inhibition of slip and, therefore, of 
plasticity. Although that might at first sight appear to be a difference 
in detail, it materially affected the general character of the theory. 

Mr. Bolsover next raised the question why it should be supposed 
that martensite was a mixture of ferrite and cementite. That ferrite 
or rather alpha-iron crystals were present was regarded as established 
on X-ray evidence obtained by Westgren and others. The actual 
presence of cementite was not so certain, since it had not been estab- 
lished by X-ray evidence or other direct means. On the other hand, 
it could be shown that there was every reason to think that that 
substance must be present in those conditions. Both Mr. Bolsover 
and Professor F. C. Thompson considered that martensite was a highly 
supersaturated solid solution of carbon in alpha-iron. He (Dr. 
Rosenhain) thought it could be clearly shown that the formation of 
such a solid solution was a theoretical impossibility, and that the 
evidence cited in its favour was open to other and more rational 
explanation. When steel was cooled either slowly or quickly from a 
high temperature it underwent certain transforniations, and there could 
be no doubt that those transformations took place, because they 
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involved a liberation of energy. The liberation of that energy could 
actually be observed even in quenched steel. In those circumstances 
it followed that the product of such transformation must have a lower 
energy content than the phase from which it had been formed. The 
energy content of a saturated solid solution was such that if it were 
exceeded in the least degree, other arrangements of the atoms could 
be found having a lesser energy content. It was, in fact, that condition 
which determined the limit of saturation. In the case, therefore, of a 
phase A undergoing transformation, and such a transformation taking 
the form of a change into a solid solution B, or a mixture of two different 
bodies C and D, if the concentrations were such that the resultant 
solid solution B was not saturated, it might be expected that that solid 
solution would be formed, since the incompletely saturated solid 
solution B would have a lower content of energy than the mixture of 
Cand D. On the ‘other hand, a supersaturated solid solution B would 
have a higher content of energy than a mixture of C and D. If ata 
high temperature a saturated or under-saturated solid solution B could 
be formed which became supersaturated by cooling, it might persist in 
a metastable stage. It would, however, seem to be inconceivable that 
when a transformation from the state A occurred that should result 
in the formation of a supersaturated solid solution having a higher 
energy content than a mixture of two other phases. That led to the 
conclusion that a supersaturated solid solution of carbon in alpha-iron 
could not, on thermo-dynamic grounds, be formed as a transition or 
transformation product in preference to a mixture of alpha-iron and 
cementite. One reservation, however, needed to be made in that con- 
nection. There was no available evidence that the carbon separated 
from solid solution in gamma-iron immediately took the form of the 
compound Fe,C either molecularly or in a crystalline aggregate. It 
would be equally consistent with the views he (Dr. Rosenhain) put 
forward if martensite consisted of crystals of alpha-iron with more or 
less uncombined carbon scattered through it in the form of separate 
particles. The essential point was that the crystallites of alpha-iron 
themselves must be extremely minute, and that the disturbing particles 
of a second phase must also be excessively minute and scattered through 
the alpha-iron crystallites in such a way as completely to disturb the 
slip mechanism. It was quite possible that the transition from 
martensite to troostite, which was known to be somewhat abrupt, 
might be associated with a transformation in the condition of the . 
carbon. There was no evidence upon which to base a view of that kind, 
except the mere fact of a somewhat sudden transition. Such a transi- 
tion, however, might very well be accounted for by a change in the 
size of the dispersed particles whose influence on the properties of the 
mass might reach a critical value for a given size of particles. While 
in his (Dr. Rosenhain’s) opinion the hypothesis of the existence of 
supersaturated solid solution of carbon in alpha-iron had been fully 
disproved by the argument advanced above, there was a further piece 
~ 1924—11. N 
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of direct evidence. The fact that Westgren found by X-ray measure- 
ments in martensite the lattice of alpha-iron differing only from the 
lattice of alpha-iron as observed in that metal at the ordinary tempera- 
ture by an amount corresponding to the thermal expansion of the 
metal, indicated that there could not be any large amount of any other 
element present in the alpha-iron of martensite. The presence of 
carbon in solid solution in a state of high supersaturation must in- 
evitably change the lattice constant of the alpha-iron to an extent 
which Westgren could not have failed to observe. There was thus 
direct experimental evidence against the assumption of the existence 
of such a supersaturated solid solution. 

It was rather more difficult to deal with Professor Honda’s remarks. 
His views were based upon an assumption for which there did not appear 
to be the slightest degree of experimental evidence, namely, that there 
was an actual intermediate phase, both in the iron-carbon system and 
in the aluminium alloys, which was inherently hard. Professor Honda 
suggested no explanation for the supposed hardness of such an inter- 
mediate phase, and was unable to assign to it a definite constitution, 
a definite place on an equilibrium diagram, or an ascertained X-ray 
lattice structure. In the absence of any such facts it was scarcely 
necessary to take such an assumption seriously. It was little more 
than an unsupported statement of an opinion which could make little 
appeal to metallurgists accustomed to reasoning upon accurate data. 
One point which Professor Honda raised, and which was also referred to 
by other contributors to the discussion, was the fact that it had been 
shown by Konno that during the age-hardening of Duralumin the 
electrical resistivity increased instead of decreasing, as Professor Honda 
suggested that it should. That was a point of some importance and 
would require to be dealt with in detail. 

That the deposition of a separate phase from a.solid solution led to 
a reduction in the electrical resistance was, in general terms, admittedly 
correct. Before it could, however, be applied to the very special 
case of decomposition which occurred in the case of hardening, the 
mechanism of what occurred would have to be more carefully inves- 
tigated. He (Dr. Rosenhain) had recently pointed out (May Lecture 
to the Institute of Metals, 1923), and it had previously been pointed 
out by Lindemann, that the high electrical resistivity of solid solu- 
tions was due to the distortion of the space lattice of the metal 
crystals by the presence in them of stranger atoms. That distortion 
increased with increasing concentration of the solid solution, and if 
anything occurred to diminish the concentration of such a solid solution 
the electrical resistance would also diminish. It must, however, be 
realised that that state of affairs could only arise if the crystallisa- 
tion of the solid solution, whether saturated or under-saturated, was 
substantially undisturbed. It was only in such circumstances that a 
regular space lattice could develop itself freely, and that the reduced 
electrical resistivity of the less concentrated solid solution could make 
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itself felt. When a solute was deposited in the form of separate 
crystals during slow cooling or annealing, those circumstances were 
fulfilled, and accordingly the well-known series of phenomena were 
found. It was, however, entirely unjustifiable to conclude that in 
other circumstances where the recrystallisation of the solid solution 
from or in which deposition of a separate phase was occurring was 
seriously hindered or prevented, similar results would follow. On the 
contrary, if the view of the hardening of metals by the decomposition 
of a supersaturated solid solution which had been put forward in the 
paper was correct, the rectilinear space lattice arrangement of the 
atoms of the solid solution, already partially disturbed by the pressure 
of the solute atoms, would be much more seriously disturbed and, in 
fact, to a large extent destroyed by the deposition of a very large 
number of minute crystallites of the new phase separating during the 
hardening process. In those circumstances the passage of electrons 
through or between the atoms would be more completely hindered in 
the decomposed solid solution than it was before such decomposition 
took place, and accordingly, during the hardening process, so long as 
the disturbance in the lattice structure increased with further deposi- 
tion, so long would the electrical resistance increase also. It would, 
therefore, be expected here, as indeed everywhere, that mechanical 
hardness and electrical resistance would go together. If those views 
were correct and an understanding of the inner structure of metals 
and alloys had now progressed to such a stage that it was possible to 
argue upon them with confidence—then the arguments used by Professor 
Honda and others from the increase of electrical resistance during 
hardening fell to the ground as an objection to the theory he (Dr. 
Rosenhain) had put forward. That phenomenon was, in fact, what 
that theory would indicate. 

Professor Thompson had undoubtedly put his finger upon what would 
appear at first sight to be a weak spot in the arguments and evidence 
put forward in favour of his (Dr. Rosenhain’s) theory. That was the 
failure to prove microscopically the existence of minute deposited 
particles in age-hardened Duralumin or similar alloys. It was obviously 
always preferable, where it was possible, to give ocular demonstration 
rather than indirect evidence. On the other hand, a large amount of 
scientific knowledge related to matters entirely removed from the range 
of vision, and the mere fact that ocular demonstration could not be 
given was by no means always a valid objection to the accuracy of 
theoretical views. He (Dr. Rosenhain) would suggest that the present 
case was an instance of that kind. There was, in certain aluminium 
alloys, a continuous series of phenomena resulting ultimately in the 
deposition of minute, just visible particles of a second phase, such as 
Mg,Si or CuAl,. It was not unreasonable to suppose that the con- 
tinuous phenomenon in question was continuous in that respect also, 
and that the deposition of the separated phase commenced, as it was 
bound to commence, in the deposition of ultra-microscopically minute 
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particles. Beyond that the matter must be treated as an assumption 
upon which the theory was based, and its proof or otherwise Judged by 
the success of the theory in accounting for the facts with which it was 
called upon to deal. In the present instance it was suggested that 
if the facts were rightly viewed there could be little doubt as to the 
success of the theory. Incidentally, it might be pointed out that none 
of the other theories hitherto put forward to explain the hardening of 
steel were free from assumptions at least as difficult of direct proof as 
the present one. 

Several contributors to the discussion raised the question of the 
exact structure of martensite. Professor Honda appeared to consider 
that microscopic evidence could be relied upon to show that it did not 
consist of an aggregate of minute crystals. That could only be regarded 
as a personal opinion, with which he (Dr. Rosenhain) did not agree. 
In any case the fact remained that exceedingly hard materials free 
from martensitic structure existed as well as martensitic structure 
without hardness, as, for instance, in quenched low-carbon steels. 
The direct association of the martensitic structure with a particular 
degree of hardness in a higher carbon steel would, therefore, appear to 
be accidental rather than causative. That a martensitic structure was 
in some way connected with allotropic transformation was suggested 
by its occurrence in other metals than iron which underwent allotropy, 
while metals free from allotropic transformation did not tend to develop 
martensitic structure. The very great hardness of martensitic steel 
and the marked change between martensite and troostite might, 
however, well be associated with the allotropic transformation of iron 
itself. It had to be pointed out that the case of carbon steel differed 
from the non-ferrous alloys described in the paper by the fact that in 
the former the solubility of carbon in gamma-iron ceased suddenly in 
consequence of an allotropic transformation, while in the non-ferrous 
alloys it was a question of diminishing solubility with falling tempera- 
ture. The transformation and the accompanying disturbance of 
crystalline structure which occurred at a critical point in steel must 
therefore be of a much more violent and sudden character than in the 
non-ferrous alloys in question. As had been pointed out in the dis- 
cussion, it did not follow that the whole of the transformation was 
necessarily completed during quenching in the case of a steel. If there 
were any residual gamma-iron solid solution left either in or mingled 
with the martensite, its subsequent decomposition might be the 
determining factor in the transition from martensite to troostite. 
Apart from such a possible factor, the structural differentiation between 
martensite and troostite on his (Dr. Rosenhain’s) theory became merely 
a question of the size and arrangement of the particles of carbon or 
carbide and of the alpha-iron crystallites. 

He (Dr. Rosenhain) had been particularly interested in the con- 
tribution to the discussion from Sir Robert Hadfield. The behaviour 
of manganese steel on prolonged tempering and slow cooling, when it 
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became martensitic and magnetic, was entirely in accordance with what 
would be anticipated from his (Dr. Rosenhain’s) theory. On the other 
hand, the remarkable effect of cold-working, as evidenced by the proper- 
ties of a tensile test-piece described by Sir Robert Hadfield, was exceed- 
ingly difficult to understand. That difficulty, however, would persist, 
whatever view of the nature of the hardening of steel were adopted. 
Manganese steel was a complex alloy whose real nature and constitu- 
tion was not yet fully understood. Such a full understanding would, 
however, be necessary in order to account for its behaviour in the 
special circumstances described by Sir Robert, and a general theory 
of hardening and tempering could hardly be expected to furnish the 
whole of such an explanation without a much fuller knowledge of the 
facts. Those facts, however, were being investigated, at any rate, so 
far as the alloys of iron and manganese were concerned, at the present 
time, and it might be hoped that the results of that investigation would 
ultimately make it possible to explain the remarkably interesting fact 
described in Sir Robert Hadfield’s contribution. 
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IMPROVEMENTS IN THE BRINELL TEST ON 
HARDENED STEEL, INCLUDING A NEW 
METHOD OF PRODUCING HARD STEEL BALLS. 


By AXEL HULTGREN, Met.Enc. (GorHENBuRG). 


As is well known, in testing hardened steel according to the 
Brinell method the following difficulties are encountered : (1) The 
ball, on account of insufficient hardness, is flattened permanently 
under the load applied ; the impression becomes too shallow and 
too wide, and in consequence the hardness number, calculated 
upon the diameter of impression, becomes too small. (2) The 
impression, on account of its small size and shallowness, is diffi- 
cult to measure with the degree of accuracy desired. 

In consequence this test is practically limited in its use to 
soft and medium hard metals. If applied to the testing of 
hardened steel, the hardness number obtained is always too low, 
and the result should be judged with caution, since the lack of 
hardness in the ball influences the result to an unknown and 
perhaps variable extent. 


ATTEMPTS TO MAKE HarpeER BRINELL BALLs. 


The Brinell balls available at present are generally made of 
a high carbon steel (carbon about 1-20 per cent.) sometimes 
containing chromium, usually not over 1 per cent. They are 
hardened in water, and not tempered, or tempered at low tempera- 
ture. They represent the maximum hardness that is generally 
obtained in hardened steel objects—about 700 Brinell. 

In order to eliminate, or minimise, the error in the Brinell 
test on hardened steel due to flattening of the ball, efforts have 
been made to produce a harder ball. Tor some years an American 
steel ball manufacturing firm has supplied special Brinell balls 
of greater hardness. They are made of a chromium-tungsten 
steel (carbon = 1-40, chromium = 0-60, tungsten = 4:0 per 
cent.). These balls, as will be seen later, are somewhat harder 
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than ordinary balls but not enough to enable accurate hardness 
determinations to be made on hardened steel. 

The author has also made attempts to produce balls_of in- 
creased hardness by the use of alloy steels T'en-millimetre 
balls were made of steels of the following composition : 


(1) C=0-62, W = 5-6 per cent. (magnet steel). 
(2) C =0-90, Cr = 1:0, Si = 1-6 per cent. 


These experiments were not successful. The magnet steel 
balls could not be hardened to fully martensitic structure even 
by quenching in water. This is a peculiar phenomenon that 
sometimes occurs in hardening tungsten steels. The chromium- 
silicon steel balls were only slightly harder than the ordinary 
balls made of carbon steel. 

Somewhat better results were obtamed by special heat treat- 
ment, using a steel having the composition: carbon = 1-10, 
chromium = 0-60 per cent. The soft balls were first heated 
to 900° C. and cooled in boiling water, thus producing a homo- 
geneous sorbitic structure. They were then hardened from 
760° C. in water and left untempered. The structure resulting 
consisted of extremely fine martensite with the hypereutectoid 
cementite distributed m numerous small grains of about 0-0001 
millimetres size. The hardness of the finished balls was distinctly 
greater than that of ordimary Brinell balls, and very uniform. 
This increase in resistance to permanent deformation is assumed 
to be due to the great number of small cementite particles, in 
combination, perhaps, with the fineness of the martensitic matrix, 
the latter being a secondary result of the former. The case is 
an example of “‘ slip interference.” The improvement obtained, 
which will be illustrated by test results given later, was not such, 
however, as to eliminate the error due to flattening of the-ball 
in the Brinell test on hardened steel. 


HarpDENING HARDENED STEEL Baus BY CoLD-WoORKING. 


Although cold-working is extensively used as a means of 
increasing hardness and strength of metals, it has, to the author’s 
knowledge, not been applied to fully hardened steel, that is steel 
having martensitic structure. The reasons for this are obvious. 


1 These and the following experiments were made in the works and laboratory 
of A. B, Svenska Kullagerfabriken (S.K.F.) in Gothenburg. 
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The brittleness of a hardened steel object does not permit much 
permanent deformation without cracking, particularly where dis- 
continuities in shape would act as notches in promoting such 
cracking. An attempt to deform a file permanently by bending 
may be given as an extreme example of this. Furthermore, 
the large forces required permanently to deform hardened steel 
seem to stand im the way of such treatment. On the other hand, 
a polished high-grade steel ball represents such a combinat’on of 
suitable properties that it appeared to be possible to cold-work 
its surface without danger of cracking. Its simplicity of form 
and freedom from surface imperfections cannot be surpassed. 
Also, such balls can be, and generally are, heat-treated, that is an- 
nealed and hardened, with sufficient care to ensure the maximum 
amount of toughness that can be associated with a high degree 
of hardness. As will be seen from the following, a considerable 
hardening effect was produced in the surface layer of the balls 
by the cold-working treatment. 

The balls subjected to cold-working were ordinary Brinell 
balls made by A. B. Svenska Kullagerfabriken in Gothenburg, 
and had the following composition: carbon, 1-20 per cent., 
chromium, nil. After several preliminary experiments the 
following procedure was adopted. ‘The balls, which were finely 
polished, formed part of a ball-bearing of the so-called radial 
type, having somewhat thicker race-rings than usually employed. 
The balls were separated from each other by a cage that enclosed 
them only at one side of the bearing, leaving the balls free to be 
touched at the other side. The bearing was mounted on a 
horizontal shaft, the outer ring being well fitted in a cylindrical 
housing provided with means of applying the necessary load. 
The experimental arrangement is illustrated by Fig. 1. The 
load is hung on the shank of the housing by means of lever and 
weights. A flexible contact finger is attached to the housing 
as shown. ‘This finger touches the balls successively every time 
they pass the unloaded part of their rolling path. This repeatedly 
changes the rolling axis of each ball. Before this device was 
applied, it happened that the “pole” regions of the balls did 
not become cold-worked. For quantity production a somewhat 
different machine was designed on the same principle. In this 
machine four sets of balls were treated at the same time. 
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Fig, 1.—Apparatus for Cold-Working of 10-millimetre Balls. 
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The following data apply to treatment of 10-millimetre balls : 
Shaft diameter 60 millimetres, 
Outside diameter of bearing 
Number of balls in each bearing 
Speed of shaft 

Speed of balls 

Load on bearing 

Maximum load on each ball 


8 29 

1440 r.p.m. 

635 r.p.m., equivalent to 2-82 m/sec. 
3500 kilogrammes, 

2200 6D : 


Howe i ly ed 


Time of treatment = 3 minutes, 
Number of applications of maximum load on each ball 
during period of treatment 


I 


1905, 


The bearing is lubricated with a continuous stream of mineral 
oil. 

The load applied on each ball is about twenty-two times 
greater than the load sustained by each ball in the ordinary ° 
service of a ball-bearing of this size, and about one-third of the 
breaking load obtained when two 10-millimetre balls are pressed 
against each other in a crushing test. Obviously the balls would 
not endure such drastic treatment as described for any extended 
period. They would “flake’’ or crack if the treatment were 
continued for hours; the rings fail sooner or later by flaking, 
and have to be renewed. In spite of the steady supply of lubricant 
the temperature of the bearing continues to rise during the 
rotation. After two or three runs the shaft is therefore cooled 
by water. The higher the load the harder becomes the ball, 
and the deeper will be the penetration of the cold-working effect. 
This is shown in Table I., where results of a series of Brinell 
tests on a piece of hardened magnet steel are given. The balls 
were 10 millimetres, and had been treated with different loads 
in the cold-working process. The bearing was run at 2000 r.p.m. 
for two minutes in each case. The load of the Brinell test was 
8000 kilogrammes. Hardness numbers, and the permanent 
flattening of the ball in the test, 6, measured by a so-called mini- 
meter according to Hirth, are given. The balls were etched, as 
described later, in order to facilitate accurate measurement of 
the impression. 

3500 kilogrammes was chosen as standard load in cold-working, 
being the maximum that may be applied without risk of premature 
failure of balls or races. 


1 Compare Stribeck: ‘‘ Kugellager fiir beliebige Belastungen,”’ Zeitschrift 
des Vereines Deutscher Ingenieuere, 1901, p. 73. 
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TaBLe I.—Brinell Tests 10 mm. 3000 kg. on 
Hardened Magnet Steel. 


i nt Flattenin, 

Coli toring: Sai eRe. ee ot Ballas eg 
Kg. 7 Mm, 
0 667 | 0-038 
1000 686 0-030 
1500 679 0-027 
2000 700 0-026 
3000 706 | 0-015 
4000 716 . | 0-013 


In order to ensure uniform treatment for all balls and all over 
the surface of each ball, the variation in diameter in a set of balls 
or in each ball is controlled to within 0°001 millimetre. This 
presents no manufacturing difficulties in modern ball production. 
The variation in diameter after cold-working has been repeatedly 
measured and was never found to exceed 0°0005 millimetre. 

Five-millimetre balls were also cold-worked in the manner 
described. In this case the bearing contained twelve balls, and 
the load was 1300 kilogrammes. 


THe STRUCTURE OF CoLD-WoRKED HARDENED STEEL. 


It has not been possible to detect any difference in the micro- 
structure of a ball before and after cold-working, or between 
the cold-worked surface portion and the unaffected interior of 
the ball. 

_ Several macro-etching solutions were also tried. In applying 
the well-known reagent of Stead on a section through the centre 
of a cold-worked ball, a band appeared along the circumference 
that showed a faint contrast against the central portion. Some- 
what more distinct was the effect of Fry’s! method, modified by 
dipping for five seconds and rubbing with cupric chloride for 
fifteen seconds only, The band was lighter than the centre. 
Other macro-etching reagents, including those of Heyn, Rosen- 
hain and Haughton, Le Chatelier, Oberhoffer, and also common 
dilute acid solutions, were tried but failed to produce such contrast. 


1 Kruppsche Monatshefte, 1921, p. 117. 
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By the use of Stead’s and Fry’s reagents the approximate 
depth of penetration of the cold-working effect was ascertained 
to be as follows : 


0-75 millimetre for 10-millimetre balls. 
0-40 


” ” of oe) ” 


Several tests were made in order to estimate or measure the 
hardness and strength of cold-worked hardened steel balls : 


(1) Martens scratch test. 

(2) Herbert pendulum hardness test. 

(3) Rockwell hardness test using a diamond cone. 

(4) Deformation test ball against ball, the permanent flatten- 
ing for a certain load being measured. 

(5) Comparative Brinell tests using ordinary, ark and 
cold-worked Brinell balls on a series of steel specimens 
of different hardness, including the hardest steel pro- 
curable. In this series the effect of flattening of the 
ball upon the Brinell hardness number was studied. 

(6) Rebound test. : 

(7) Crushing test. 


Martens Scratcu Tzst. 


Polished sections of cold-worked balls were scratched with a 
conical diamond point of 100° angle, using loads up to 50 grammes. 
The width of the scratch was found to be constant throughout 
the section, indicating that the resistance against deformation 
by scratching was not altered by cold-working. 


HERBERT PENDULUM HARDNESS TEST. 


Through the courtesy of Messrs. Bergman & Beving, Stock- 
holm, a Herbert pendulum hardness tester was kindly put at 
the author’s disposal. Only so-called time tests were made. 

In using a 1-millimetre steel ball as pivot for the pendulum, 
very irregular results were obtained as soon as cold-worked balls 
were tested. Upon examination of the pivot ball by the micro- 
scope the ball was found to be flattened. . 

Consequently the steel ball was replaced by a 1-millimetre 
ruby ball. The pendulum was set to give ten swings in one 
hundred seconds on a standard glass plate. In doing this it 
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was found difficult to obtain constant results, presumably on 
account of minute cracks forming at the glass surface in contact 
with the ball. The results given in Table IT. are therefore to be 
considered as comparative only. 


TasLe II.—Herbert Pendulum Hardness Tests. 


Time of Ten Swings. 


Seconds. Average. 


Object. Surface Tested. 


Ordinary 10-millimetre | 4 millimetres ground, | 86:7 88-1 87-3 
ball. flat. 86-2 Hes 

Cold-worked 10-milli- | 4 millimetres ground, | 95-4 9327 94-5 
metre ball, flat. 


The results indicate a considerable increase of hardness by 
cold-working. 


Rockwett Diamonp ConE Harpnsss TEsT. 


A diamond cone of 120° angle with the point slightly rounded 
ig pressed into the surface of the specimen. The permanent 
depth of impression produced by increasing the load from 
10 kilogrammes to 150 kilogrammes is recorded, and serves as 
a basis for the hardness number, which is read directly on a 
dial. ‘The instrument is convenient and rapid in operation. 

The Rockwell hardness numbers obtained, all referring to 
the so-called C scale (using diamond cone), are given in Table ITI. 

From these figures it may be concluded that any increase in 
hardness due to cold-working of hardened balls is not with 
certainty detected by the Rockwell diamond cone test. 


DEFORMATION Test BALL AGAINST Batu. 


When two balls of the same size and hardness are pressed 
against each other under sufficient load, two flats of the same 
size are formed, which, after unloading, assume a slightly convex 
shape. The size of the permanent “ flats’ and the reduction 
of diameter at the loaded points are functions of the hardness. 


eer 
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If one of the balls is harder than the other, the former will 
receive no permanent impression, or a slight one, whereas the 
impression on the latter is apt to be plane or concave. 


Thus the 


TaBLE III.—Rockwell Hardness Tests on 10- and 5-Millimetre 


Balls (Diamond Cone). 


Object. Surface Tested. Hardness Number. | Average. 
Ordinary 10-millimetre | Spherical surface. 68 -2 67-4 67-9 
ball. 68-0 
Ordinary 10-millimetre | 3 millimetres ground,flat.| 69-4 69-1 69-3 
ball. 69-5 
Ordinary 5-millimetre | Spherical surface. 65 -4 64-6 64-7 
ball. 64-4 64-4 
Ordinary 5-millimetre | 1-5 millimetre ground, | 67-8 66-3 67-7 
ball. flat. 69-0 
Cold-worked 10-milli- | Spherical surface. 67-6 68-0 68-1 
metre ball. 68 -0 68-6 
68-3 
Cold-worked 10-milli- | 3 millimetres ground,flat.| 68-8 69-5 68-9 
metre ball. 68 -4 
Cold-worked  5-milli- | Spherical surface. 66-5 66-9 65-9 
metre ball. 66 -4 65-1 
64-8 
Cold-worked  5-milli- | 1-5 millimetre ground, | 67-1 68-9 67-3 
metre ball. flat. 66-0 


relation in hardness between two balls may be judged, somewhat 
exaggeratedly, from the permanent reduction of their diameters. 

Several grades of balls were tested against a cold-worked 
ball in each case : 


SKF ordinary Brinell ball, not ee cold-worked, called 
SKF cold-w. 

SKF ordinary Brinell ball, not tempered, called SKF ord. 

SKF ball, tempered to 225° C., called SKF 225°. 

SKF ball, heat-treated as eaeribe to give fine-grained SiS, 
called SKF fine-gr. 

Special Brinell ball of American make (CrW steel), called CrW. 
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The load, 1000 kilogrammes, was applied in a Brinell press 
using a known fixture for centreing the balls, shown in Fig. 2. 


Fic. 2.—Fixture for Deformation Tests Ball against Ball. 


The reduction of diameter, 6, a’ measured by a minimeter, is 
given in Table IV. 

The relative hardness of each grade of balls is plainly seen 
from the figures in the table. 


CoMPARATIVE BriInELL TEsts 


The objects of these tests were two: 

1. To ascertain if, or to what extent, in testing hardened 
steels, the error in the Brinell number arising from the flattening 
of the ball could be eliminated, or minimised, by the use of the 
cold-worked ball; and 


2. To study the relationship between this error and the amount 
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of flattening of the ball on one hand, and the hardness or grade 
of ball as well as the hardness of the test specimen on the other 
hand. 

A Brinell press of common type, from the Aktiebolaget Alpha, 
was used. ‘The balls were 10 millimetres, etched, as later described, 


Taste IV.—Deformation Test Ball against Ball 10 mm. 1000 kg. 


é§mm, 
Test No. i 


SKF 


fine-gr, CrW. 


SKF cold-w. ~ | SKF ord. | SKF 225°, 
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to give easily measurable impressions. The load, 38000 kilo- 
grammes, was held for ten seconds. The test specimens were 
polished ; the surfaces were all etched before final polishing in 
order to ensure that no soft spots from hardening or grinding 
were present. The diameter of impression was measured with a 
Reichert Brinell microscope magnifying thirty diameters. The 
accuracy of measurement is estimated to + 0-006 millimetre 
corresponding to + 4 units in the hardness number, when this 
is 700. The flattening of the ball was measured as decrease of 
diameter with a minimeter to + 0-0005 millimetre. 

The following grades of balls were used, denominated as 
above : 


SKF cold-w.; SKF ord.; SKF 225°; SKF fine-gr.; CrW. 


The following materials were used as test specimens : 


Test specimen I.: Hardened chromium steel, tempered at 410°C., hardness 
number 506. 
II.: Hardened chromium steel, tempered at 350°C., hardness 
number 562. 
III. : Hardened chromium steel, tempered at 260°C., hardness 
number 635. 
IV.: Hardened chromium steel, tempered at 150°C., hardness 
number 695 (corrected). 
V.: Hardened high-speed steel, hardness number 735 (corrected). 


1994231 0 
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The test specimens I., II., III., and IV. were taken from the 
same ring of a ball-bearing of chromium steel, having the follow- 
ing composition: carbon 1:0, chromium 1-5 per cent. The 


BRINELL HARDNESS TESTS (iOMM/3000HG) ON MATERIALS 
OF DIFFERENT HARONES 5 ‘USING BALLS GF DIFFERENT MAKE 750 
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Fic. 3.—Comparative Brinell Hardness Tests. 


side surface, 22 millimetres wide, was used for the tests. The 
high-speed steel specimen, kindly supplied by Messrs. Hadfield, 
Ltd., Sheffield, as representing a Brinell hardness of 710 to 720, 
had the following composition: carbon 0-75, chromium 4-2. 
tungsten 15-5 per cent., vanadium nil. The tested surface was 
40 by 25 millimetres. 
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All impressions were made with separate balls, except thoge 
made with the CrW balls. Of these only five balls were avail- 
able, which had to be used in different positions. 

The results are given in Table V. (pp. 194, 195), and the average 
plotted in the diagram in Fig. 8. 

The following symbols are used : 

d = diameter of impression in millimetres. 

H = the apparent hardness number as calculated upon d. 

H, = a corrected hardness number obtained by estimating the error 

produced by the measured amount of ball flattening. 

5 = permanent flattening of ball in millimetres. 

If in testing the same material with balls of different hard- 
ness the hardest ball receives no permanent flattening, obviously 
the H value obtained with this ball will just be the correct hard- 
ness number H, for the material in question. 

The error in H for any given softer ball is thus found, and 
may then be correlated to § for the same ball. It should be 
stated here that the elastic deformation of the ball under load 
is not considered in arriving at H,. 

The softest material tested, test specimen I., with H, = 506, 
was hard enough to cause a flattening averaging 0-0013 milli- 
metre on the hardest ball (SKF cold-w.),*and a flattening of 
0-0063 millimetre on the next hardest ball (SKF fine-gr.). Still 
the H value obtained with these two kinds of ball was practically 
the same. It is therefore assumed that the error in H for these 
two balls is nil in this case. Proceeding to harder materials, 
6 and H,—H are gradually increasing. In order to arrive at 
H, the following corrections in hardness number obtained with 
SKF cold-worked ball have been added to the H value. 

0:0042; H,p—H=0 ; He = 562. 
0060; H.—-H=1 ; H, = 635. 


ei 
= cols 8H Hon, Hh, Suess, 
= 00132; T_T = 2479 SS 785. 


Test specimen II.: H ='562; 6 
iS aj dul dee oRUb RO 
) 

6 


IV.: H = 686; 
V.: H=Tll; 


22 3? 


o> 99 


Obviously these corrections are somewhat arbitrary, par- 
ticularly for the two hardest materials, IV. and V.; but some 
guidance is obtained from the results on test specimens I. and 
II., at the same time bearing in mind that a certain 6 will be 
correlated with greater correction in H the higher the latter is. 

Certain discrepancies in 6 and H,—H are seen in the table 
and in the diagram of Fig. 8. They are, however, not greater 
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than could be expected, considering the sources of error inevitable 
in this test, such as variation of hardness in balls of the same 
kind, and similar variations within the same specimen. The 
CrW balls were not uniformly hard, as is seen from the individual 
tests. 

The main conclusions to be drawn from the Brinell tests 
given are summarised in Table VI., showing values of 6 and 
H,—H selected from the curves in Fig. 8 for the five ball grades 
tested, and for representative materials having hardness numbers 
500, 600, 700, and 785 respectively. 


TasBLe VI. 
| Ball Grede, 
He. | | | | | 
SKF SEF SKE SKE 


220°. i) ‘ord. || ONE fine-gr. | cold-w. 


500 | 0-011 | 0-009 | 0-005 | 0-005 | 0-COL 
Permanent deformation of 600 0-026 | 0-019 | 0-014 | 0-014 | 0-905 

ball 5 millimetres. 700 | 0-045 | 0-032 | 0:025 | 0-025 | 0-011 
735 | 0-052 | 0-038 | 0:028 | 0-029 | 0-013 


* ( BOO eed ee iS aa i 0 0 

Correction in hardness}|} 600 | 21 14 8 See eee 
number He — H. | 700 | 65 Behar i) 4!) 29 9 
735 88 62 | 58 48 24 


| 


From the view-point of practical importance the following 
statements may be made. Hardness numbers that are correct 
within 1 per cent., as far as the effect of ball flattening is con- 
cerned, may be obtained by using: 


SKF 225° balls on materials of hardness number less than 500 to 525 


SKF ord. ” 2 ” ” 2 525 ” 550 
CrW ” ” ” ” ” 575 29 600 
SKF fine-gr. ” ” 2? ” ey 575 ” 600 
SKF cold-w. ” ” ” ”” ” 675 2 700 


Cotp-WorxkineG SprctaLt Bays. 


It was considered of interest to try cold-working on balls 


which were, for reasons of composition or heat treatment, harder 
than the ordinary grade of Brinell balls. The special CrW steel 
balls of American origin, CrSi steel balls mentioned above, and 


a. ee ae 
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the SKF fine-grained balls were subjected to cold-working, and 
afterwards used for Brinell tests on the Hadfield high-speed 
steel specimen. The results obtained agreed very well with 
those found in using the ordinary cold-worked balls. It seems, 
therefore, that the superiority in hardness of certain balls of 
special composition or heat treatment over ordinary steel balls 
disappears when the various grades of balls are cold-worked, or, 
in other words, there appears to be a limit to the hardness 
value obtainable by cold-working hardened steel irrespective of 
composition and previous heat treatment. This conclusion is 
confirmed by the rebound tests described later. 


TEMPERING AFTER COLD-WORKING. 


It might be expected that tempering to some moderate tem- 
perature after cold-working would be beneficial in increasing 
the hardness still further. In Table VII. are collected some data 
obtained in Brinell testing a piece of hardened magnet steel - 
with cold-worked balls that had been tempered at different 
temperatures after cold-working. 


Taste VII.—Brinell Tests 10 mm. 3000 kg. with SKF Cold-Worked 
Balls, Tempered at Different Temperatures after Cold-W orking. 


| 


| 
Tempering 


Soe eet 6 Millimetres, HH, 

Not tempered 0-015 706 

| 150 0-014 692 
| 175 0-020 687 
200 0-022 684 

225 0-033 668 

250 0-050 633 


The conclusion is that the hardness of cold-worked balls 
is not raised by tempering to 150°C. Tempering at higher 
temperature gradually lowers the hardness. 


ReEBounD TEstTs. 


The test arrangement is shown in Fig. 4. The balls were 
allowed to roll without initial speed along the incline A to B 
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Fia. 4.—Apparatus for Rebound Tests on Balls. 


—— 
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of V-section. After leaving A-B they dropped on to the hori- 
zontal upper surface of the hardened chromium steel anvil C, 
placed 3 metres below A. After rebounding, the balls were 
caught at the apex of the parabola in a receiver, divided into 
pockets of 50-millimetre openings, separated by 1-millimetre 
sheet plate. The pockets were numbered as shown in the figure. 
It is essential that the apparatus be clean, the anvil hard, and 
its surface accurately plane. 

Balls tested were 10 millimetres. For each lot of balls the 
test was repeated one to four times. The number of balls col- 
lected in each pocket was counted every time, and the average 
pocket number for each grade of balls was calculated and called 
the rebound index. ‘The harder the ball the lower is this index. 
It was found that a certain dispersion occurred within each grade 
of balls. It never exceeded, however, the range represented by 
two adjacent pockets—t.e. 100 millimetres. The rebound indices 
obtained are given in Table VIII., arranged according to in- 
creasing hardness. 

When the number of balls in the lot exceeded about fifty, 
the index at repeated tests was found consistent within + 0-2 unit. 

The hardness relation between balls of different make and 
treatment found in previous tests is confirmed by the results 
of the rebound tests, and some additional results are obtained. 
As a summary the following may be stated. 

Tempering of ordinary balls at 150°C. does not lower the 
rebound hardness, but perhaps slightly raises it, whereas tempering 
at 225° C. lowers the hardness to a marked extent. 

Balls tested of CrSi and CrW steel were somewhat harder 
than carbon steel balls. Balls specially heat-treated to produce 
fine-grained structure were found to belong to the same hardness 
class as the alloy steel balls. - 

Cold-working raises the rebound hardness of the balls con- 
siderably : for ordinary balls from index 8-8 to 5-4, for CrSi 
steel balls from 8-8 to 5-8, for fine-grained balls from 8-0 to 5-2. 
Thus the composition, or previous heat treatment of the balls, 
provided they are hardened, has little or no influence upon the 
ultimate hardness after cold-working. 

Storing of cold-worked balls for an hour, a week, or a month 
caused no change in rebound hardness. 
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Taste VIII.—Rebound Tests on 10-Millimetre Balls. Height of 
Fall, 3 Metres. 


Make and Treatment of Bells. pirolnedash |. eat 
SKF balls tempered 225° . c : , 5 “154 Se Bez! 
SKF Brinell balls, ordinary, not tempered . j 249 8-8 
Brinell balls of British make 3 ‘ ; ; 90 8-8 
SKF Brinell balls, tempered 150° : : 6 87 8-5 
CrSi steel balls, not tempered . é : : 90 8-3 
CrW steel balls, American make ‘ d : 3 8-0 
SKF fine-grained balls, not tempered . : : 90 8-0 
CrW steel balls, cold-worked 3 : ‘ . 3 6-0 
prods Brinell balls, cold-worked, tempered 90. 6-0 
Spee he mae Brinell balls, cold-worked, tempered 122 5:7 
SKE ordinary Brinell balls, cold-worked, not 1429 5:4 
tempered. 
Brinell balls of British make, cold-worked . A 12 5-3 
CrSi steel balls, cold-worked ; : : A Di 5-3 
SKF fine-grained balls, cold-worked . é 6 76 5-2 


Tempering of cold-worked balls at 100° C. was of no influence 


on, tempering at 150° C. distinctly lowered the hardness of cold- 
worked balls. 


° 


CrusHInGa Tests on ORDINARY AND Con~p-WorKED BALLS. 


Steel balls are sometimes tested to destruction by compression, 
placing three balls on the top of one another in a fixture like that 
shown in Fig. 2, the load being gradually increased until the 
balls suddenly break, usually all at the same moment. Of course 
the fracture is preceded by a considerable amount of flattening. 


Ordinary 10-millimetre balls, untempered, and such balls tem- 


pered to 150° C., were cold-worked and crushing tests were made 


4) 
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on the balls in the four conditions. The results are given in 
Table IX. 


TABLE [X.—Crushing Tests, 10-Millimetre Balls. 


| 
| Crushing Strength. Average. 
Treatment of Balls, | Tons, Tons. 


Not tempered, not cold-worked 4-9 5:8 6:3 56 5:7 
Not tempered, cold-worked | 8-1 7-9 7 8} 6:8 7:5 
Tempered 150°, not cold-worked . | 6:3 Weal 5:9 6-5 6-5 
Tempered 150°, cold-worked . " | 6:8 6-9 7:6 7-4 7-2 


| | | 


As is to be expected, the concordance between individual 
values is not very good ; still the averages show that cold-working 
raises the crushing strength of hardened balls somewhat and 
to a rather definite value irrespective of whether the balls were 
- tempered to 150°C. or not. Tempering to 150°C. alone also 

raises the crushing strength somewhat, probably due to relief 
of hardening stresses. 

The fact that the increased hardness of the cold-worked 
balls manifests itself in the Brinell test, in the deformation test 
ball against ball, and in the rebound test, but not in the Martens 
scratch test, and not, or only slightly, in the Rockwell diamond 
cone test, deserves attention. In all cases the resistance against 
permanent deformation is involved but the manner of deforma- 
tion is different, especially the shape of the surface that causes 

_ deformation. 

The indenting cone of the Rockwell test will cause higher 
secondary tensile stresses at right angles to the direction of the 
pressure than the plane surface of the anvil in contact with the 
ball in the rebound test, and still higher than the already deformed 
surface of a Brinell specimen. It might be that cold-working, 
at least of the kind under discussion, raises the resistance to such 
deformation only as is brought about by pressure combined with 
not too high secondary tension. 


Accuracy oF MEASUREMENT IN BrinELL TESTS ON 
HARDENED Stee. Use or ErcHep Batu. 


Everybody who has made Brinell tests on hardened steel will 
probably concur in the statement that the accurate determination 


a 
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of the diameter of impression is rather difficult. This is due to 
the small size and shallowness of the impression, and the con- 
sequent lack of contrast between the impression surface and the 
surrounding surface. 

In order to obtain sharper definition of the impression circle 
the author has tried with success to use etched balls for the test.? 
By this means the surface of the impression presents a dull lustre 
when viewed by the eye or in the microscope. The outline of 
the impression thus becomes sharply defined, and can be easily 
and accurately read in the microscope. The etching of the 
ball, after careful cleaning in alcohol, is done in 1 per cent. solu- 
tion of nitric acid in alcohol, the balls bemg continuously moved 
in the solution for about three minutes. They are then washed 
in alcohol and wiped without rubbing against each other. This 
would partly destroy the dullness of the surface. 

The effect of using an etched ball is seen by comparing Figs. 5, 
6, and 7 (Plate X.), showing at a magnification of 20 diameters 
Brinell impressions made with a 10-millimetre ball and 3000 kilo- 
grammes load on a piece of hardened chromium steel (H = 653) 
finished on Hubert 1emery-paper. Figs. 5 and 6 represent the same 
impression made with a bright ball; Fig. 7 another impression 
made with an etched ball. In taking Fig. 5 the light fell obliquely 
on to the specimen; in Fig. 6 it was at the same time reflected 
by a paper slip placed at the other side of the impression. In 
Fig. 5 the diameter is impossible to measure; in Fig. 6 it is 
possible to read the diameter sharply along the scratches but not 
across them. In Fig. 7 the dull impression from the etched ball 
is Sharply outlined throughout its circumference. The light fell at 
a steep angle on to the surface in the direction of the scratches. 
In Fig. 8 (Plate X.) an impression is shown made with a 10-milli- 
metre etched ball on the polished sample of Hadfield high-speed 
steel mentioned above. Attention is called to-the small circle 
in the centre of the impression. This is explained later. 

In examining at high magnification the dull impression from 
an etched ball on a polished sample it is found that the dullness 
is due to numerous small impressions from the free cementite 


1 A brief account of this method was submitted to The Committee for New 
Hardness Testing Machine of the National Research Council of U.S.A. in May 
1920. 


FIG.U X 1000 


FIG. 5.—Brinell impression (* 20) on hardened 
chromium steel, using bright ball. 


FIG. 7.—Brinell impression (x20) on hardened 
chromium steel, using etched ball. 

FIG. 9.—Brinell bail. etched section (* 1000). 

FIG. 11.—Brinell impression, using etched 
ball, outer portion ( x 1000). 


PLATE X. 


FIG. 12 


Fic. 6.—Brinell impression ( x 20) on hardened 
chromium steel, using bright ball, better 
illumination. 

FIG. §.—Brinell impression (20) on hardened 
high-speed steel, using etched ball. 

F1G. 10.—Brinell ball, etched surface (x 1000). 

FIG. 12.—Brinell impression, using etched 
ball, central portion (x 1000). 


(All reproduced approximately half original size.) 


[To face p. 204. 
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particles standing out in relief on the ball surface after etching. 
This is illustrated by Fig. 9, showing the microstructure of the 
ball (carbon = 1-20 per cent.) as seen on a lightly etched section, 
further Fig. 10 (Plate X.) showing the ball surface rather deeply 
etched for the Brinell test, and Fig. 11 taken from the outer por- 
tion of a Brinell impression made on a steel surface, using the 
etched ball seen in Fig. 10, all magnified 1000 diameters. Fig. 12 
illustrates the central circular part of the impression. Instead of 
small holes as in Fig. 11, concentric scratches are visible. These 
are formed as a result of a slight turning movement of the ball 
together with its holder and the piston in the beginning when 
the load is being applied. This rotary movement is caused by 
the small torque from the helical spring acting on the piston of 
the press and having the function to bring this back to a zero 
vertical position. The rotary movement stops when the area 
of contact between the ball and the specimen reaches a certain 
magnitude, sufficient to supply the friction torque required to 
resist the torque mentioned. 

By etching the ball in the manner described its diameter is 
diminished by 0-001 to 0°002 millimetre. This small decrease in 
size of ball does not affect the result of the test. 

In connection with the method described to facilitate the 
accurate measurement of Brinell impressions on hardened steel 
a few words may be said about the sensitiveness of the measuring 
instrument. The type of microscope commonly used for this 
purpose magnifies 10 diameters, and has an eye-piece micrometer 
graduated in tenths of a millimetre. This allows an accuracy 
in determining the diameter of impression of about + 0-02 milli- 
metre, which is equivalent to + 12 units in the hardness number 
when testing a steel of 700 Brinell with 10-millimetre ball ; when 
using 5-millimetre ball the possible error is extended to + 24 units. 

When etched balls are used for the Brinell test the contour 
of the impression is so sharply defined that the diameter can be 
measured with greater precision. The microscope used for. the 
tests described above, of Reichert’s make, gave a magnification of 
30 diameters, and had an eye-piece micrometer graduated in units 
= 0-031 millimetre. The measurements in this case are correct 


- 1 Etched balls of eutectoid composition do not give sharply outlined impres- 
sions. 
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within + 0-006 millimetre, equivalent to + 4 units in hardness 
number for 10-millimetre ball, and -- 7 units for 5-millimetre 
ball. 

It is the author’s opinion that such accuracy as just de- 
scribed is desirable in testing hardened steel. | Measuring 
microscopes of less sensitiveness should not therefore be used 
for this purpose. 

A conversion table giving Brinell numbers from 514 to 780 
calculated upon diameter readings differmg only by 0-001 milh- 
metre has been added at the end of this paper. This table was 
computed by Mr. H. Sjévall. 


Magnetic Batt HotpEerR ror BrRINELL TESTs. 


In Brinell testing machines the test ball is commonly held in 
position by a cap screwed on to the end of a stud, which transmits 
the pressure from the loading system to the test specimen. The 
ball fits into a suitable central recess in the stud end. 

In order to facilitate replacement of the ball, which is of some 
importance when 5- and 10-millimetre balls are used alternatingly, 
the adoption of a permanent magnet as a ball holder instead of 
the stud and cap described has been suggested. This idea does 
not, however, work in practice, as stated by HE. D. Campbell 
in the following words: “ Magnetising the holder causes the 
ball to leave the depression and seek the edge of the holder.” } 
This difficulty may be overcome by suitably shaping the end of 
the stud and enclosing it by a sleeve of non-magnetic material. 
A compound magnetic ball holder of such type designed to fit 
the Brinell press of A/B Alpha’s construction is shown in: Figs. 18 
and 14. The magnet in this case was made of hardened ball 
steel (carbon 1-0, chromium 1-5 per cent.), the sleeve of aluminium 
bronze (aluminium 10 per cent.). The sleeve was pressed on 
to the tapered magnet with 4000 kilogrammes in order to prevent 
subsequent creeping between the two members. The end of 
the compound holder was then lapped to the shape shown in 
Fig. 14. It will be seen that there is a central spherical recess 


1 “Some Brinell Hardness Measurements on Small Specimens,”’ 7'’ransactions 
of the American Society for Steel Treating, 1922, vol. ii. p. 271. Also “A Brinell 
Machine Attachment for Use with Small Specimens,” Journal of the Iron and Steel 
Institute, 1922, No. II. p. 196. 
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for a 5-millimetre ball in the magnet, this recess being surrounded 
by a ring-shaped seat for the 10-millimetre ball formed partly 
in the magnet and partly in the sleeve. 


Ey ee | 
é wit Les / ve as 


eas 2 


Sa 


_ 13.—Magnetic Ball Holder for Fie. 14.—Detail of Fig. 13. 
nell Hardness Testing Machine. 


On account of the small depth of the ball seat and the pointed 
shape of the magnet the magnetic flux is concentrated at the 
centre and is strong enough to hold the ball securely in place, 
whether it be 5 or 10 millimetres. The sleeve in addition to- 
supplying part of the supporting area for the 10-millimetre. ball 
when under load also serves to reinforce the pointed end of the 
magnet that would otherwise be liable to burst. This device has 
proved efficient and convenient. 
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SUMMARY. 


A method of producing steel balls considerably harder than 
those heretofore available, and therefore especially suitable for 
Brinell tests on hardened steel, is described. The method con- 
sists in cold-working ordinary hardened polished steel balls. 
The surface portion is thus hardened to a sufficient depth to 
enable the ball to withstand considerably greater pressures than 
ordinary hardened steel balls do, without appreciable permanent 
deformation. By suitable etching, the depth to which the cold- 
working effect may be made to penetrate has been determined 
to be about 0:75 millimetre for 10-millimetre ball, and 0:4 milli- 
metre for 5-millimetre ball. 

A geries of Brinell tests on hardened, as well as hardened 
and tempered steel specimens using different grades of 10-milli- 
metre balls, including cold-worked balls, has been carried out 
in order to study the magnitude of the error in hardness number 
due to permanent flattening of the ball. The main results were : 
the error mentioned exceeds 1 per cent. when the material tested 
has a hardness number greater than 


525 to 550 for ordinary Brinell balls ; 
575 ,, 600 ,, special hard balls previously available ; 
675 ,, 700 ,, cold-worked balls. 


The surface hardness and strength of the cold-worked balls, 
as compared with those of other balls of different make and 
treatment, have been further studied by the following tests : 


Martens scratch test ; 

Herbert pendulum hardness test ; 
Rockwell diamond cone hardness test ; 
Deformation test ball against ball ; 
Rebound test; and 

Crushing test ball against ball. 


In all hardness tests used, with exception of the Martens and 
the Rockwell tests, the increased hardness due to cold-working 
manifested itself. An attempt is made to explain the exceptions. 

The use of etched Brinell balls is suggested as a means of 
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increasing the accuracy of measuring the Brinell impression on 
hardened steel. In this connection it is recommended that the 
sensitivity of measurement of the Brinell microscope as com- 
monly used should be increased. 

A conversion table for Brinell numbers covering the high 
hardness range is given. 

A magnetic ball holder for the Brinell machine is described. 

The present investigation would not have been possible had 
not the manufacturing facilities of the A. B. Svenska Kullager- 
fabriken been freely placed at the author’s disposal. For this, 
and for permission to publish the results, he is indebted to the 
directors of that company. 

During the course of investigation he was materially assisted 
by the staff of the laboratory. He wishes especially to address his 
gratitude to Mr. H. Thorén for his careful assistance in many 
of the hardness determinations, and in the designing of apparatus 
for cold-working and rebound tests ; to Mr. H. Sjovall for com: 
puting the Brinell number table at the end of the paper, and fcr 
valuable suggestions in regard to the magnetic ball holder ; 
and to Miss EK. Melander for assistance in the microscopical 
work. 


1924---i1 P 
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Brinell Hardness Numbers. (High Hardness Range.) 


For impressions made with 10-millimetre ball at 3000-kilogramme load. 


d = diameter of impression in millimetres. 
H = hardness number in kilogrammes per square millimetre. 


d 1805 d. H. d. H. d. H. da. H. 
2-200 780 2-250 745 2-300 712 2-350 682 2-400 653 
Th The) 1 744 Lee it Oeil © 1 653 

2 778 2 743 3 flat 2 681 2 652 

ah RAE 3 743 See 3 680 3 652 

4 777 4 742 4 710 4 680 4 651 

5 776 5 741 By 0) 5 679 5 651 

6 775 6 741 6 709 6 678 6 650 

th Res 7 740 7 708 7 678 7 650 

8 774 8 740 8 707 8 677 8 649 

9 773 9 739 9 707 9 677 9 649 
OPO TH 2-260 738 2-310 706 2-360 676 2-410 648 
Th fe 1 738 1 706 1 676 1 647 

2. 771 2 737 2 705 2>-675 2 647 
SO 3 736 3 104 3 674 3 646 

4 770 4 736 4 704 4 674 4 646 

5 769 5 735 5 703 5 673 5 645 

6 768 6 734 %6 702 6 673 6 645 
Gd 7 7134 7 702 7° 672 7 644 

8 767 8 733 8 701 8 672 8 644 

9 766 9 732 9 701 9 671 9 643 
2-220 765 2-270 732 2-320 700 2-370 670 2-420 643 
1 765 1~ 731 L699 1 670 1 642 

2 764 2 730 2 699 2 669 2 641 

3 763 3 730 3 698 3 669 3 641 

4 763 4 729 4 698 4 668 4 640 

5 762 5 728 i (he) 5 667 5 640 

6 761 6 728 6 696 6 667 6 639 

7 761 Ue Way 7 696 7 666 7 639 

8 760 8 726 8 695 8 666 8 638 

9 759 9 726 9 695 9 665 9 638 
2-230 758 2-280 725 2-330 694 2-380 665 2-430 637 
1 758 l 724 1 693 1 664 1 637 
Zeon 2 724 2 693 2 664 2 636 

3 756 3 723 3092 3 663 3 636 

4 756 4 723 4 691 4 662 4 635 

5 755 5 722 5 691 5 662 5 635 

6 754 6 721 6 690 6 661 6 634 

7 754. tPA 7 690 7 661 7 633 

8 753 8 720 8 689 8 660 8 633 

9 752 Om LO 9 689 9 660 9 632 
2-240 752 2-290 719 2-340 688 2-390 659 2-440 632 
aol 1 718 1 687 1 658 1 631 

2 750 Zimeiclid 2 687 2 658 2 631 

3 750 a} alta) 3 686 3 657 3 630 

4 749 4 716 4 686 4 657 4 630 

5 748 5 716 5 685 5 656 5 629 

6 748 6 715 6 684 6 656 6 629 

7 747 7 714 7 684 7 655 7 628 

8 746 8 714 8 683 8 655 8 628 

9 746 9 713 9 683 9 654 9 627 
2-250 745 2-300 712 2-350 682 2-400 653 2-450 627 
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Brinell Hardness Numbers. (High Hardness Range)—continued. 


For impressions made with 10-millimetre ball at 3000-kilogramme load. 
d = diameter of impression in millimetres. 
H = hardness number in kilogrammes per square millimetre. 


ad. H. d. 13h d. 155 d. EES d. H. 
2-450 627 2-500 601 2-550 578 | 2-600 555 | 2-650 534 
1 626 1 601 Lior? 1 * 555 1 534 

2 626 2 600 22 BT 20554 ge boe 
S= 625 3 600 32076 6) abel BS) 
4 625 4 600 4 576 4 554 4 533 
| 5 624 5 599 By 875 51553 iS Sage 
6 624 6 599 6 575 6 553 6 532 

| 7 623 7 598 7 576 7 552 lmosk 
8 623 8 598 8 574 8 552 8 531 

9 622 9 597 9 574 9 551 9 531 
2-460 621 2-510 597 2-560 573 | 2-610 551 2-660 530 
1 621 1 596 1) 573 1 551 1530 

2 620 2 596 2m bie 2a 500 EON) 

3 620 3 595 oor 3 550 3 529 

4 619 4 595 4 571 4 549 4 528 

5 619 5 594 5 871 5 549 697528 

6 618 6 594 6 570 6 548 6 528 

7 618 79593 Ts 570 7 548 Tao2k 

8 617 8 593 8 570 8 548 8 527 

9 617 9 592 9 569 9 547 9 526 
2-470 616 | 2-520 592 2-570 569 | 2-620 547 | 2-670 526 
1 616 1 591 1 568 I 546 1 526 
oe-61S 2 591 2 568 2 546 20525 

3 615 3 590 30 507 3 545 3, 525 

4 614 4 590 4 567 4 545 4 524 

5 614 5 589 5 566 5 645 5 524 

6 613 6 589 6 566 6 544 6 524 

7 613 7 588 Te DOw 7 544 mbes 

8 612 8 588 8 565 8 543 8 523 

9 612 9 588 9 565 9 543 9 522 
2-480 611 2-530 587 2-580 564 | 2-630 548 | 2-680 522 
1 611 1 587 1 564 1 542 1ps522 

2 610 2 586 2 563 2 542 2 521 

3 610 3 586 3 563 3 541 30621 

4 609 4 585 4 562 4 541 455521 

5 609 5 585 5 562 5 540 5 520 

6 608 6 584 6 561 6 540 6 520 

7 608 7 584 7 561 7 540 7 519 

8 607 8 583 8 561 8 539 8 519 

9 607 9 583 9 560 9 539 9 519 
2-490 606 | 2-540 582 2-590 560 | 2-640 538 | 2-690 518 
1 606 1 582 1 559 1 538 ly 518 

2 605 2 581 2 559 25 038 2517, 

3 605 3 581 3 558 oe oan Sli 

4 604 4 580 4558 4 537 4° 517 

5 604 5 580 5 558 5 536 5 516 

6 603 6 580 6 557 6 536 6 516 

7 603 7 579 7 857 7 635 7 515 

8 602 8 579 8 556 8 535 8 515 

9 602 9 578 9 556 9 535 9 515 
2-500 601 2-550 578 | 2-600 555 | 2-650 534 | 2-700 514 
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For impressions made with 5-millimetre ball at 750-kilogramme load, 


d = diameter of impression in millimetres. 
H = hardness number in kilogrammes per square millimetre. 
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Brinell Hardness Numbers. (High Hardness Range.) 


| es a=) GES di~ «Ge ga ee dine nite 
1-100 780 1-150 712 200 653 250 601 1-300 555 
Ty fais} ibe yf 1 652 1 600 1 554 

Qo aa Demerild) 2 6al 2 660 2 554 
Smale 3 70 3 650 a) ty0}8) 3 553 

4 774 4 707 4 649 4 598 4 552 

Se 112 5 706 5 648 5 597 5 551 
Gael 6 705 6 647 6 596 6 550 
TT) 7 704 7 646 7 595 7 549 

8 768 8 702 8 645 8 594 8 548 

9 767 97 701 9 644 9 593 9 548 
1-110 765 1-160 700 ‘210 643 260 592 1-310 547 
1 764 if G8) 1 641 fSoor 1 546 

2 763 2 698 2 640 2 590 2 545 

| 3 761 3 696 3 639 3 589 3 544 
4 ‘769 4 695 4 638 4 588 4 543 
5 758 5 694 5 637 5 587 5 543 

6 757 6 693 6 636 6 586 6 542 

7 756 i Oi 7 635 7 585 7 541 

8 754 8 690 8 634 8 584 8 540 

9 753 9 689 9 633 9 583 9 539 
1-120 752 1-170 688 +220 632 -270 582 1:320 538 
1 750 1 687 1 631 os 1 538 

2 749 2 686 2 630 2 580 2 537 

3 748 3 684 3° 629 3 580 3 536 

4 746 4 683 4 628 - 4 579 4 535 

5 745 5 682 5 627 5 578 5 534. 

6 743 6 681 6 626 Cua? 6 533 

ue f42 7 680 7 625 7 576 7 533, 

8 741 8 678 8 624 8 575 8 532 

9 740 9 677 9 623 9 574 9 531 
1-180 738 1-180 676 -230 621 ‘280 573 1-330 530 
eat 1 675 1 620 1 572 1 529 

2 736 2 674 2 619 2 571 2 528 

3 734 3 673 3 -618 3 570 3 528 

4 733 4 672 4 617 4 570 4 527 

5 732 5 670 5 616 5 569 5 526 

6 730 6 669 6 615 6 568 6 525 

7. 129 7 668 7 614 7 567 7 524 

8 728 8 667 8 613 8 566 8 524 

9. 726 9 666 9 612 9 565 9 623 
1-140 725 1-190 665 *240 611 -290 564 1-340 522 
1 724 1 664 1 610 1 563 1 521 

2 723 2 662 2 609 2 562 2 521 

3 721 3 661 3 608 3 561 3 520 

4 720 4 660 | 4 607 4 561 4 519 

By ft) 5 659 5 606 5 560 5 518 

Co) TAL 6- 658 6 605 6 559 6 517 
TLS: 7 657 7 604 7 558 Teo, 

8 715 8 656 8 603 8 557 8 516 

9 714 9 655 9 602 9 556 9 515 
1-150 712 1-206 653 *250 601 *300 555 1-350 514 


OO ei ee eet ENR it A we BF 


DISCUSSION ON MR. HULTGREN’S PAPER. 2138 


DISCUSSION. 


Sir Rozert Haprietp, Bart., F.R.S. (Past-President), thought 
the author had given a most interesting and valuable paper, for which 
the members were greatly indebted to him, particularly as he had 
travelled such a long distance in order to present it personally to them. 
Mr. Hultgren stated on p. 201 that “‘ Tempering of ordinary balls at 
150° C. does not lower the rebound hardness, but perhaps slightly 
raises it, whereas tempering at 225° C. lowers the hardness to a marked 
extent.” He thought it would be of interest if Mr. Hultgren could 
state the exact ball hardness, indicating how much the hardness had 
been lowered, which was of considerable importance. Mr. Hultgren 
had also given not only static tests but dynamic tests of hardened 
material tempered at 150° C., so that the members knew how much 
the toughness of the hardened material was increased by raising the 
tempering temperature to 225°C. Supposing the material was being 
tested in a shock machine, he would like to know the foot-pounds 
strength of the material tempered at 150° C. and also at 225° C., and 
the difference in the ball hardness at those two temperatures. He 
noticed that the author did not refer to anything much higher than 
700, but Brinell referred, in some of his work, to a hardness of 800. 
Brinell had done a large amount of work in connection with hardness 
testing in Sweden, and the members of the Institute owed him an 
undying debt of gratitude, the results of his work being just as valuable 
to-day as nearly thirty years ago when he first brought forward his 
ideas on the subject. He hoped the author would convey to Dr. Brinell 
the thanks of a British audience for the valuable work he had carried 
out for the iron and steel industry throughout the world. Dr. Brinell 
had referred in some of his work to a ball hardness number of 800, but 
in a short conversation he (Sir Robert) had with Mr. Hultgren prior 


to the reading of the paper, the latter informed him that he did not 


quite expect such high ball numbers. He agreed with Mr. Hultgren 
that no accurate method of determining such high numbers existed. 
He thought, nevertheless, such high numbers did exist, although 
accurate methods of determining them had not yet been sufficiently 
perfected. Perhaps Dr. Rosenhain might have some suggestions to 
make on that point. He (Sir Robert) had offered a small prize to the 
Institution of Mechanical Engineers for the determining of high hardness, 
and useful work was done as a result, but definite information on the 
point was still required. Professor Turner carried out some most 
excellent work years ago with the scratch method of testing, but it 
could not definitely be said whether it was possible to obtain accurate 
hardness numbers much higher than 700. If it were possible to get 
800 for certain purposes, then such material would prove to be superior 
in wear, resistance, and other advantages. He hoped Mr. Hultgren 
would be able to throw a little light on that point. 


214 DISCUSSION ON MR. HULTGREN’S PAPER. 


Dr. Watter Rosenualin, F.R.S. (National Physical Laboratory), 
said there were two points in connection with the paper which particu- 
larly interested him, the first relating to the question of the cold-working 
of hardened steel and the known influence of low-temperature tempering 
on steel. There was one way in which all the members were accustomed 
to the cold-working of hardened steel, namely, the stropping of a razor. 
He showed about 1906 that in stropping a razor an extremely thin 
piece of metal at the very edge was bent backwards and forwards, 
and there seemed little doubt about it that that thin film of hardened 
steel was cold-worked when a razor was stropped. There was some 
reason for thinking that tempering at 100° by holding it in boiling 
water had some effect, in course of time at all events. It was a well- 
known fact that cutting edges grew “tired ”’ after long use, and if a 
razor were held in boiling water it had a beneficial effect. 

There might be two kinds of cold-working in a hardened steel. 


One might be simply cold-working, such as was known to exist in other | 


metals ; in other words, the hardening process had not completely 
exhausted the mechanism of crystal slip and the material was further 
hardened by cold-working. The second was (and that was probably 
what occurred in the present case in which the amount of cold-working 
was slight) that, in a supersaturated. solid solution in which a trans- 
formation was taking place, the precipitation was accelerated enor- 
mously by cold-working. It was well known that if certain austenitic 
steels were cold-worked they became martensitic. Again, Duralumin, 
which in the ordinary course took four days for hardening, could be 
quickly hardened by cold-working. The author’s actual evidence 
of cold-working was extremely interesting, and of some considerable 
importance. 

There was a small point of criticism he desired to make in 
connection with the paper. The dulling of the balls by etching was ex- 
tremely convenient from the point of view of measuring an indentation, 
but did it not affect the reading ? The Brinell number was in a sense 
a measure of the pressure which the material in the indentation could 
support. Ordinary considerations assumed that the pressure was 
normal to the surface of the indentation, and that implied no friction. 
Of course there was always some friction; but if the surface were 
deliberately roughened the friction was increased so much that he could 
not help thinking that the vertical component of the friction along 
the sloping sides of the indentation must slightly diminish the depth 
of the depression as compared with a smooth ball. He thought it 
was bound to have an effect, but whether it was measurable or not 
he did not know. 


Mr. KE. G. Hersert-(Manchester) thought it might be interesting 
to the members to know that he had been measuring the work-hardening 
capacity of hardened steel with a pendulum. With the new work- 
hardening test made with a pendulum and with a diamond ball suc- 
cessive scale tests were made on the same spot, and he had found not 
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a slight work-hardening but a very considerable work-hardening on 
very hard steel. He had obtained curves of the change of the work- 
hardening capacity of hardened steel at a range of temperatures from 
cold to the temperature at which the steel began to soften. 


Professor THomas Turner (Birmingham) said he desired to refer 
to the scratch hardness test, as applied to very hard steels, for which 
materials more accurate methods were very desirable. During the 
past session a number of experiments on hardened steel had been 
made in his laboratory by Mr. Shires with specimens which Sir Robert 
Hadfield was kind enough to supply, and of which the ball hardness 
was known. They had reluctantly come to the conclusion that the 
scratch hardness test was not promising for very hard steels. Higher 
magnification was adopted in order to distinguish between the smaller 
scratches. The difficulty was that as the hardness increased the width 
of the scratch became smaller and smaller and the error became greater 
and greater, so that when the figure of about 650 ball hardness was 
passed, so far as they had gone at present at all events, the scratch 
hardness test became less and less trustworthy. He had made scratch 
hardness tests for many years, and he was sorry to have to make such 
a pessimistic report on the subject. The conclusion to be drawn, 
however, was that any other method, such as that which the author 
brought forward, which promised to give accuracy with great hardness, 
was worthy of most careful consideration. 


Mr. Axet Hu.treRen, in reply to Sir Robert Hadfield’s remarks 
respecting balls tempered at 225° as tested in the rebound test, said it 
would be seen from Table VIII. on page 202 that the rebound index for 
those balls was 9-7, whereas for balls tempered at 150° the rebound 
index was 8-5. With regard to the value of tempering at 225° from a 
practical point of view, it was his experience that if such balls were 
tested by crushing tests it might be possible to find an improvement in 
the crushing strength, but that did not mean that the balls would stand 
up better when used in ball bearings, for instance. There was probably, 
therefore, no benefit from such high tempering for practical purposes, 
although the toughness would be increased. He had not made any 
shock tests on balls so that he could not say anything on the point 
raised in that connection. With reference to the high Brinell numbers 
of 800 quoted in some of Dr. Brinell’s literature, personally he had not 
met with any such high numbers in using a standard combination of 
10 millimetres and 3000 kilogrammes. Perhaps some of those numbers 
were obtained with a 1000 kilogramme and 5 millimetre ball. That 
would explain part of the result, but otherwise he had no explanation 
to offer. With regard to the criticism offered by Dr. Rosenhain 
respecting the dullness on the actual value obtained in reading the 
diameter, that point had occurred to him and he had tried to make 
comparative tests. It was very difficult to do so because it was diffi- 
cult, in testing hardened steels, to measure accurately the.impres- 
sion produced by the ordinary bright ball. He had not, however, been 
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able to find any difference outside of the experimental variation. He 
would reply to the further points in writing. In conclusion, he desired 
to express his thanks for the very kind reception given to his paper, 
and also to say that it would be a great honour to him to convey 
Sir Robert Hadfield’s message of the gratitude of the Institute to 
Dr. Brinell for the work he had done. 


CORRESPONDENCE. 


Colonel N. T. Betatew (London) wrote to congratulate the author 
on the very interesting research on increasing the hardness of the 
Brinell balls. He felt sure that if tested with such balls quenched 
steels would yield some very instructive results; the same would 
apply to some of the alloy steels, particularly to those of high cohesion. 
With reference to the proposed method of increasing the hardness of 
hardened articles by further cold-work, he would like to mention some 
of the methods lately in use at the Caucasus. 

When studying various methods of sword manufacture, such, for 
instance, as the damascene method of India and the production of 
blades of the old Passau type in the Caucasus, he was told by some 
eye-witnesses of the current process (in the “forties and ’fifties) of 
subjecting a finished and already heat-treated sword to a continuous 
but gentle hammering; the gentleman who related that procedure 
to him was struck by the patience of the smith, by the expenditure 
of time, and by the results. He was quite sure that the cutting proper- 
ties of such swords were much in excess of the Western articles and 
- of the damascene swords as well. 

The latter statement was not very much to his (Colonel Belaiew’s) 
liking, as he was very much absorbed in the damascene process and its 
possible revival. Coming, however, from an authority on swords, the 
statement appeared important, and now, in the light of the present 
paper, might be still interesting. ' 


Mr. HuttGRen, in a further reply to the points raised during the 
verbal discussion, wrote that he thought Sir Robert Hadfield’s question 
as to the exact amount by which the Brinell hardness of ordinary 
balls, not cold-worked, was lowered by tempering at 225° C. might be 
answered approximately by referring to Table V., where Brinell hardness 
values were given for the same hardened ring of ball-bearing steel 
tempered at four different temperatures, although that steel had not 
exactly the same composition as that used in the balls. By interpo- 
lating for a tempering temperature of 225° C. a Brinell number of 658 
was obtained, the value for 150° C. tempering temperature being 695. 
As to the influence of tempering on the shock resistance of that type of 
material, he hoped to be able to supply that information later, after 
carrying out the necessary tests. 
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Sir Robert Hadfield also raised the important question as to the 
value and properties of very hard steels of about 800 Brinell, assuming 
that such material might be found. He (Mr. Hultgren) had not yet 
been able accurately to determine the Brinell hardness of the cold- 
worked surface layer of the balls described in his paper, that being 
rather difficult, because of the thinness of that layer. Judging from 
the various hardness tests on those balls, reported in the paper, such as 
deformation tests ball against ball, and rebound tests, it was very 
probable, however, that cold-worked hardened steel might possess such 
high hardness. 

It was thought that the cold-worked balls might be more resistant 
to wear when used for Brinell tests on soft materials. One cold-worked 
and one ordinary Brinell ball were, therefore, used alternately on the 
same pieces of soft steel of a Brinell hardness of about 180. After 
500 tests with each ball were made, the balls being kept in the same 
position all the time, the maximum wear as measured on the diameter 
was found to be about 0:001 mm. for both balls. Consequently, in 
that particular case, the wear resistance was not increased by cold- 
working. 

He was much interested in Dr. Rosenhain’s remarks. The strop- 
ping of a razor was not the only instance of cold-work applied to 
hardened steel. If a hardened and ground steel object, such as a ball- 
bearing ring, were examined under the microscope, signs of cold-work 
were generally seen at the surface. What the actual effect of cold- 
working hardened steel was, and whether a subsequent tempering at 
low temperatures was in any way beneficial for the cold-worked por- 
tions, might be an appropriate subject of further investigation. If 
Dr. Rosenhain would like to study those questions on cold-worked 
balls he (Mr. Hultgren) would be very glad to supply the material. 

He wished to thank Dr. Rosenhain particularly for having called 
attention to the possibility that roughening of the ball surface by 
etching might not be harmless in that the increased friction produced 
between the ball surface and the specimen might affect the size of the 
indentation. He had now made additional tests to investigate that 
point. Three steel specimens of low, medium, and high hardness 
respectively were tested with bright as well as with etched balls, all 
cold-worked. The results were as follows, each figure being the average 
of four measurements : 


Brinell Hardness Number, 
10 Mm, per 3000 Kgs, 
Specimen, 
Bright Ball. | Etched Ball. 
Soft c A oe 134 | 139 
Medium . : 507 507 
Hard F 4 - 738 732 
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From the table it would be seen that there was no effect of increased 
friction visible in the Brinell value when medium and hard materials 
were tested, that was in the only cases when the use of an etched ball 
was justified for reasons of accurate measurement. The difference 
obtained on the soft material, however, was probably due to the cause 
suggested. 

Mr. Herbert’s brief remarks were very welcome. His determina- 
tions of the work-hardening capacity of hardened steel using his 
pendulum would be a valuable contribution to the subject dealt with 
in the present paper. It was to be hoped that his results would soon 
be published. 

He thanked Professor Turner for his communication regarding the 
scratch test, and for his conclusion that the cold-worked balls promised 
to give accurate results on materials of great hardness. It was stated 
in the paper that by using balls made according to the process described 
accurate Brinell tests might be carried out up to about 675 Brinell. 
When materials of still greater hardness were tested the results would, 
of course, be more accurate than those heretofore obtained by Brinell’s 
method, using ordinary balls, but still that was a field where further 
improvement was needed. It was to be hoped that by the use of some 
still harder ball material the upper limit might be brought to, say, 
800 Brinell, thus maintaining the advantage of one scale of reference 
for the hardness of all metal articles. Recently introduced hardness 
testing methods, using a diamond cone or pyramid as indenting tool, 
were undoubtedly expedient and useful in giving accurate results on 
hard materials, but suffered from the uncertainty as to how those results 
could be translated into Brinell units. 

He thanked Colonel Belaiew for his kind reference to the paper, and 
was most interested in his description of the hammering treatment as 
applied to the edges of swords manufactured in the Caucasus. Were 
those swords fully hardened to martensitic structure ? If so, that was, 
to his (Mr. Hultgren’s) knowledge, the only instance recorded, apart 
from the present paper, of subjecting fully hardened, high-carbon 
steel objects to cold-working for the express purpose of improving 
their hardness and related properties. It might be assumed that such 
hammering was only made possible by great care in the previous 
hot-working and heat-treatment operations. 
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INVESTIGATIONS ON THE HERBERT 
PENDULUM HARDNESS TESTER. 


By CARL BENEDICKS ann VILHELM CHRISTIANSEN. 


1. IyTRODUCTION. 


Since the introduction of steel balls for hardness testing, due to 
Brinell in 1900, two modes differing essentially from that of Brinell 
have been proposed for their use. ‘The first is in Shore’s sclero- 
scope, which has won considerable popularity, although the use 
of small specimens occasions some errors not easily obviated.t 
The second is that used by Edward G. Herbert in an instrument 
of novel design, the Herbert pendulum hardness tester, which has 
lately been put on the market. This instrument possesses several 
new features, and permits of the use of even very small speci- 
mens, without taking any special precautions. For this reason 
a detailed investigation has been carried out at the Stockholm 
Metallographic Institute in order to gain some primary knowledge 
on the working of the new instrument, and also to compare its 
results with those of the Brinell method. 

The instrument used was kindly placed at the authors’ 
disposal by Messrs. Bergman and Beving, of Stockholm, repre- 
sentatives for Sweden of Edward G. Herbert, Ltd., Atlas Works, 
Levenshulme, Manchester. It was one of the heavier type, 
weighing 4 kilogrammes, and using steel balls only. 


9. DESCRIPTION OF THE PENDULUM AND ITS 
DirFERENT USEs. 


An arched casting A, the form and dimensions of which are 
shown in Fig. 1, is supported, on the plane surface of the specimen, 
by a small (1 millimetre) steel or ruby ball B, firmly held by a 
screwed chuck C. The centre of gravity of the arc can be brought 
to coincide with the centre of the ball by adjusting six balancing 


1¥,§, Tritton, Journal of the Institute of Metals, No. 2, 1921, p. 261. 
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screws, D,, D,, HE, »..F,. The centre of gravity 1s then lowered 
a short definite length (0-100 millimetre) by displacing the 
ies 
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cylindrical weight G, mounted on a screw, from its zero position 
to a lower position, which is exactly obtained by using the 
graduations on the periphery of G. The instrument now con- 
stitutes a well-defined pendulum, the stable motion of which is 
read on a curved gpirit-level H, provided with a scale which 
is graduated from 0 to 100. 


a a ae ieee 
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On a standard glass plate the time of a single swing should be 
ten seconds. On a substance which is definitely indented by the 
ball, the time of oscillation is shortened; there also occurs a 
considerable damping. The instrument thus provides two inde- 
pendent tests of hardness: (1) The “Time Test,” and (2) the 
“Seale Test.” The time test, defined by the time of ten single 
swings as measured by a stop-watch, gives ‘“‘ indentation hard- 
ness.’’ It is considered to correspond with the Brinell test, 
and time hardness numbers are easily converted into Brinell 
hardness numbers. 

For the scale test the instrument is tilted until the bubble of 
the level reaches the one end, at 0, and is then placed on a level 
surface of the substance. When released, it will swing out to a 
definite position, which is read off on the scale. This is a function 
of the deformation work done by the ball on the specimen, and is 
said to measure its work hardness, or resistance to working with 
a tool, a property not measured by any other instrument. The 
ratio of scale to time hardness numbers measures “ flow hard- 
ness,” or resistance to flow, a quality which has not previously 
been isolated or measured. 


3. Tat Mops or SWINGING oF THE PENDULUM. 


It has been shown by photomicrographs, supplied by the 
inventor, that the ball of the pendulum when swinging on a 
metal surface makes elongated impressions in it. ‘This, however, 
does not exclude the possibility of rotation of the ball as well, 
within the impression formed, with consequent friction. Know- 
ledge on this point is of considerable importance for the theory of 
the pendulum. 

From careful measurements of the diameters of the impressions 
shown in a series of photomicrographs sapplied by the inventor, 
the following result was obtained for the difference D-d (Vig. 2), 
corresponding to the elongation of an impression due to the 
motion of the pendulum: 


D-d observed. : . 0:104: 0-220 mm. 


», calculated under the assumption of a 
purely rolling motion A : FOO Sit O22 Ome. 


It may safely be concluded that the motion of the pendulum ball 
on a non-elastic specimen is a rolling, not a sliding, one. 
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As the eventual tendency for sliding must be considered 
as being even more likely to occur in the case of a permanent 
indentation than in the case of an elastic deformation, we further 
seem justified in concluding that, generally, the motion of the 
ball of the Herbert pendulum is purely one of rolling. 


This is of interest, as there has been much discussion on the 
question whether the edge which supports a precision pendulum 
is to be considered as partly rolling and partly gliding.t 


4, GENERAL INFLUENCE OF THE SupPoRTING MEDIUM. 


It is obvious in the scale test that the decrease in amplitude is 
due to the expenditure of energy at the contact between the ball 
and the metal surface: the greater the amount of cold-working, 
the sooner the motion of the pendulum is arrested. 

On the time test, however, the reason of the shortening of the 
oscillation period is not obvious ; so in the pamphlet descriptive 


of the instrument nothing is mentioned regarding this fundamental 
question. 


1 Ph. Furtwingler, “Enc. d. matem. Wissenschaften,” Bd. IV. : 1, IT. (Leipzig, 
1904), p. 22, 
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Tn order to elucidate this point, let us first consider the motion 
of the pendulum on a plane hard surface A (no deformation being 
assumed), Fig. 8. O denotes the suspension ball in its zero 
position, the centre of gravity of the pendulum being at Py). Now, 
if the kinetic energy, 

I /do\? 
> (i) 


is imparted to the pendulum, where I = momentum of inertia, 
the pendulum will swing out a definite angle d, corresponding 


Fic. 3. 


with the gravity point, being displaced until it reaches the point 
P,, or raised the distance h = 1 (1—cos @) (J = distance between 
centre of ball and centre of gravity). The ball then assumes the 
position 1. The potential energy thus formed then passes into 
kinetic energy, and so forth. 

Now, if the ball does not actually roll on the plane surface A, 
but on a curved surface B, its position, corresponding with the 
same angle ¢, will be that marked 2 instead of 1, This means 
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that the centre of gravity has now been raised a vertical distance 
Ah, higher than in the case of the plane surface. ‘The reaction, 
which tends to bring the pendulum back in its zero position, thus 
evidently is increased. Making the calculation of the pendulum 
motion in the ordinary way, it will be found that the oscillation 
time is lessened in proportion as the radius of curvature R 
becomes smaller. 

In order to demonstrate this fact—though it may be obvious 
in itself—a light “ hardness pendulum ”’ was made by bending 
a 10-millimetre lead rod (length, 265 mullmetres; weight, 
230 grammes) to a semicircle and inserting in a hole in the 
middle a short glass rod, ending with a glass ball 1-70 millimetre 
in diameter. 

This pendulum was allowed to swing, first on a plane glass 
and then successively on the inner side of two short glass tubes 
(of known radius R), which had been opened by cuts parallel to 
the axis ; the swinging plane was at right angles to the axis. 

Table Ia. gives the values obtained on measuring the time, 
corresponding with four single swings. 


TasBLE la.—A Pendulum Swinging on Concave Cylindrical 
Glass Surfaces. 


2k Time per l’our Swings. Ti Single Swing. 
mn. a Sane: Bi | Mean aes core here 
Sale Oe = at 

x 10-6 | 

29 10-6 eee 

33 | 10:5 10-56 2-64 

7:2 | 9-2 F 

3 | 9-0 A 

29 9-1 9 1 2-28 

2°70 | 6°2 

29 6:3 

45 | 6-2 6-23 1:56 


Thus it is evident that the time of oscillation of a given 
hardness pendulum decreases considerably with decreasing radius 
of curvature of the specimen. 


1 This difference is not due to any different quality of the glass used. In fact, 
it is shown later on that different plane glass specimens give the same result. 
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Some tests along the same line were also carried out with the 
Herbert pendulum. By means of rotating Arkansas spheres 
(diameters, 1-5 to 3°5 millimetres; dental tools), small, nearly 
spherical indentations were made on a glass plate. The numbers 
obtained are given in Table In. 


Taste Is.—Herbert Pendulum on Spherical Glass Surfaces. 


2R Time per Ten Swings. 
mm. Secs. 
oo 99-8 
~3°5 37-0 
fe 22-8 
~1-5 14-0 


We may infer from this that the decrease in the time test- 
number which is found for the various metals is due to the fact that 
the softer the metal the more the depth of the indentation increases. 


5. Device Usep ror HaNDLING THE PENDULUM. 


In order to arrive at results as reliable as possible, and as it 
is not quite easy to place the instrument accurately at a desired 
place without shock, a special device—which much facilitated 
accurate work—was built up, using the regular laboratory stand 
fittings. - 

Between two rods, screwed in the same triangular base, a 
horizontal stem B could be turned through a small angle by means 
of the screw of the clamp C, as seen in Fig. 4. On B were fixed 
two horizontal stems, A, and A,, provided with a conical hole, 
respectively with a groove, parallel to the axis of B. In these the 
pendulum rested ; for securing a well-defined position, two small 
pegs, K, and K, (Fig. 1), were screwed into the pendulum, sym- 
metrically on both sides of the chuck. As after this addition the 
weight of the instrument was 4004-28 grammes, some lead was 
drilled off from the adjustment lead recesses provided on the 
instrument, until the weight was 3999-99 grammes, or practically 
the standard value. This slight addition to the instrument— 
which rendered the work more convenient than otherwise— 


1924—ii. . 
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can therefore have no sensible influence on the readings of the 
pendulum. 

As it is desirable to be able to locate the pendulum ball on 
the specimen with some precision, the following simple device 
was made, and was found to work well. A thin brass dise—say 


Fic. 4. 


6 millimetres in diameter—is provided with a central concave 
hole, giving a thin sharp edge at the bottom surface. This little 
proving ring is placed, using a magnifying glass, on a point con- 
sidered suitable for testing. It is then easy to locate the ball in 
its centre. The ring is wide enough not to touch the pendulum 
in its motion. 


6. Apgustine For Neutrat (INDIFFERENT) EQuiLiprium. 


In order to get the pendulum properly adjusted, one of the two 
following methods is recommended. Place the instrument on a 
carefully levelled glass plate, and adjust the balancing screws so 
as to obtain a nearly neutral or indifferent balance ; then lower 
the centre of gravity 0-1 millimetre—as has already been said. 
Alternatively, place the instrument on the glass plate supplied 
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with it, and adjust the time of ten swings to 100 seconds. 
From a physical point of view the first method of adjusting ig 
decidedly preferable, as having a more absolute character. 

The results obtained in a series of determinations, where the 
adjustment for neutrality was repeated seven times (and the 
weight then lowered as prescribed), are given graphically in 
Fig. 5. The glass plate, supplied with the instrument, is desig- 


A ° : 
02° 20.000 + ° OOo: 
corres 


° 


20 
ro) i 


Fig. 5. 


nated as I, while another spare glass plate (6-5 millimetres thick) 
is designated as II. Hach series after a new adjustment is 
numbered 0,1... 6, of which, however, only series 0,1, 8, and 5 
are reproduced in he figure. 

It will be seen, first, that no difference can be traced between 
I and II, and further, that the difference brought about by a 
new adjustment is clearly to be seen; this difference, however, is 
not much greater than the variation in the case of the adiusmen! 
being untouched. 


7. FurtHerR Factors INrnvueNcine THE NEUTRAL 
EQuiLiBRiumM ADJUSTMENT. 


The adjusting for neutral equilibrium is rendered easier if the 
cylindrical weight be not at once placed at its zero position, but 
allowed to have a lower position, which is then successively, after 
a first adjustment, raised to the final position. This adjustment is 


—— tC 
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rather tedious, even if the glass surface be kept carefully cleaned. 
Not infrequently the pendulum is in equilibrium for very small 
swings, but unstable for larger swings. Two distinct factors 
were found to influence the adjustment to neutral equilibrium. 

The first is a slight elastic deformation of the arch. The range 
in which it is possible to obtain neutral equilibrium is very 
restricted, on account of the elastic deformations of the pendulum. 
Thus the adjustment for neutrality will be much easier if the 
pendulum can be given greater rigidity. 

Further, it was found, by means of a special series of observa- 
tions, that the pendulum is sensibly affected by one-sided heating. 
Thus, an incandescent lamp placed on one side gives rise to a 
slight but continuous alteration of the adjustment. 

Further, a detailed analysis was made of the motion of the 
pendulum on the glass plate used for the adjustment. 

In order to save space, however, the Publication Committee 
has deemed it necessary to exclude the full account of this work 
from the present paper, but a few items must be referred to 
here. 

The pendulum ball, when swinging on glass, gives rise to 
circular (conical) cracks in the glass ; occasionally fragments are 
detached from the surface, and irregularities appear, generally 
causing an increased swinging time. 

It is advisable to use small swinging amplitudes on setting 
the instrument—such as that of 10 divisions recommended by 
the fabricant. It was found, however, that even so high ampli- 
tudes as 40 can be used without materially altering the swinging 
time; though, then, too high stray values will occasionally 
appear—but they should be excluded from the mean value. It 
is necessary to wipe the glass surface and the ball very carefully 
if an accurate result is to be obtained. The individual variations 
then scarcely surpass 1:0 to 1:4 per cent. 

A considerable number of different glass specimens, including 
the extra hard durobax glass (Jena), were found to give prac- 
tically the same time value (100 +1); on rock erystal, however, 
a lower time value (95°6) was obtained, and on diamond a still 
lower one (92). 


A detailed account of these experiments will appear in Jern- 


kontorets Annaler (Swedish). 
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8. ‘Test on Dirrerent Metats; RELATION BETWEEN 
True Test aND Brinett NumsBers. 


In order to ascertain the connection between time hardness 
numbers and Brinell hardness numbers, a series of different 
materials was tested. The comparative tests have been executed 
on a number of steel samples of different carbon contents, forged, 
annealed, and hardened, part of the original material used in 
a previous work. 

Further, a determination was carried out on a steel gauge of 
the C. E. Johansson, Eskilstuna, as well as on the exceptionally 
hard steel balls, obtained by the §8.K.F., according to a new 
method worked out by A. Hultgren in Gothenburg. 

In order to obtain specimens of widely different hardness 
qualities, tests were also made on a series of different alloys, 
the composition of which were not accurately known. Most of 
them were specimens kindly presented to the Institute by the 
Svenska Metallverken Company, Vasteras. 

The lower the hardness of the material to be tested, the sooner 
are the swings of the pendulum damped. At a given hardness of 
material the swings become so small as not to be observable with 
the required accuracy, and on less hard material they are apt to 
cease entirely. For the pendulum apparatus tested here (weight, 
4 kilogrammes) the lower limit of its use was the hardness which 
corresponds with about fifteen seconds: per ten swings. 

The Brinell numbers of the bulk of the steel specimens were 
accurately known by previous work, already referred to. The 
Brinell numbers of the alloys were generally determined with a 
5-millimetre ball and 500-kilogramme load. The Brinell numbers 
obtained with a 5-millimetre ball.and a pressure of 500 kilo- 
grammes, as was shown by one of the authors, do not differ by 
more than 0-5 per cent. from the regular Brinell numbers obtained 
with a 10-millimetre ball, at a load of 8000 lilogrammes.? 

A synopsis of the results obtained is given in Tables II. and 
III. Here T signifies the time for ten swings ; four independent 
determinations were generally made with a number of ten swings. 

1 ©. Benedicks, “‘ Recherches physiques et physico-chimiques sur l’acier au 


carbone.” Upsala, 1904. Jernkontorets Annaler, 1906, 1. 
2 Loc, cit., p. 87. 
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TasLe II.—Hardness Tests on Different Steels. 
Glass: T= 100; S = 97. 


ai H = hardened, 


| 
Material. Oras E: ii s. 
Electro steel, Gysinge 1-1 0-08 83 14-7 10:3 0-70 
3 A 0:08 146 19-3 27°8 1-44 
os re ics asi 0-08 126 20-3 34°3 1-69 
5 ee oe 0-45 178 22-8 44-8 197. 
55 eae: 0-45 | 239 27-0 44-3 1-64 
5 SOREL 0-45 | 427 36°3 58-0 1-60 
D6 » 32 0-55 246 29-0 43-3 1-49 
5 5 wiogy Jal 0°55 434. 35-4 58-3 1-65 
oo sll 0-90 204 24-2 41-8 1-73 
6 » £2H 0-90 683 69-7 83-0 1-19 
; a el 1-20 190 23-5 43-0 1-83 
5D np oH 1-20 238 27°5 47-0 1-71 
; oy OCB TEE 1-20 687 77°5 92-5 1-19 
56 ee Oo 1-35 197 23-4 42-0 L+87 
25 Oe 1-35 263 28-4 49-5 1-74 
46 x Wea} tel 1-35 681 62-4 84-3 1°35 
* ae 2 foal 1°50 181 22°] 42-5 1-92 
5p ay POR) 1-50 276 31-6 52-0 1-64 
3 as hOB} 1-50 178 22-4 42°5 1-90 
a pp sail 1-70 185 24-1 46-3 1-92 
D Oe 1-70 231 27:7 51-5 1-86 
Bessemer steel, Langshyttan 0-10 124 16-9 26-0 1-54 
3 3 0:15 142 18-2 34:3 1:89 
nf i> 0-20 149 17-0 34-5 2-03 
3 * 0:25 135 19-9 41-8 2°10 
| 96 % 0-30 166 21°3 41-8 1-96 
09 i 0-35 146 21:0 39-5 1:88 
Ap A 0-40 219 24-0 44-3 1:85 
- ae , 0-45 165 24°6 45-0 1-83 
2 op 6 0-50 | 145 20-9 43-0 2-05 
0b Bc C 0:55 139 21-0 42-5 2°02 
a 5 || Way) 146 22°5 43°5 1-93 
iA rp . | 0-65 208 23°7 44-0 1:86 
D he 0-70 227 25-4 47-0 1-85 
= es 0-75 258 26:9 49-3 1-83 
2 3 0-80 256 27°6 47-5 1-72 
5 2 0°85 272 30°3 51-5 1-70 
5 om 0-90 275 30-7 50:3 1-64 
2? ” 1-00 301 32°8 54°3 1:66 
bp 5 1-10 333 33:0 58-0 1-76 
is 1-20 293 30-9 55-8 1-81 
” B) 1 30 289 30°9 52°5 1-70 
_ es 1-40 318 32-4 54-8 1-69 
5 ' 1-50 282 30°6 54-0 1-76 
33 A 1-60 345 33-2 59-2 1-78 
fe 5 o i) ou 336 34°5 55-3 1-60 
Steel gauges, C. E. Johansson. 60 £00 78-6 93-8 1-19 
Steel ball, “‘ extra hard” S.K.F, 
polished . . c : 300 960 99-8 87-3 0-88 
Steel ball, etched S.K.T. : ms eed 99-7 85:8 0-86 
Ordinary steel ball 5 3 doo 300 96-9 88-3 0-91 


Oem e 
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S is the scale test and B the Brinell number; OC = carbon 
content. 

The content of Tables II. and III. is reproduced graphically 
in Fig. 6. For the sake of comparison, the results which are 


TaBLE Il].—Hardness Tests on Different Materials. 
Glass: T = 100; S = 97. 


Material. B. % 5 8 
| T 
Lead ‘ : : : F F 4:7 sae) eo) 
ibe es : é 500 wad 1:0 
Bearing metal “ Drakmetall” : 
AB Svenska Metallverken, Vasteras, 
No. 1 17 6-8 re 
on ob a No, 2 31 10°3 she 
2? >? 22 No. 3 24 6-6 eee 
23 ” ” No, 4 24 5:0 see 
ci = - No. 5 29 4-8 a 
bi 93 No.6 | 37 sey 2's 3 tee 
Zine . 3 7 5 : é : 61 13-8 6:3 0:46 
Tombac ., 66 13-1 6:3 0-48 
Aluminium- bronze, 94 per" cent. alu- 
minium, 6 per cent. copper . : 71 14:8 9-8 0:66 
Brass for spinning 62 percent.copper . 86 15-0 9-0 0-60 
Brass for cartridges ‘‘28B,”’ 72-7 percent. 
copper . : : 5 : 2 one 12:5 7:8 0-62 
Brass for cartridges ‘‘ 28,” 72-7 se cent. 
copper . Sa6 21-9 39-0 1-78 
Brass unannealed, 72° 7 per cent. copper. 152 Pa og 32°5 1-50 
Patent nickel (20 Pfennig coin) . : 128 18-4 9°5 0-52 
Duralumin . é ‘ 133 23-4 28-0 1-20 
Aluminium- bronze, - Dirigold Ke 167 26-3 47-3 1:80 
Monel metal , < : 204 24-8 48-8 1:97 
Era manganese steel (Hadfield) : 3 312 28-0 59-0 2-11 
Nichrome . z : ‘ 294 32-0 60-3 1-89 
Celluloid. : 5 é ; n a0 24:8 12-0 0:48 
Ebonite . : : : : . Gee 28-0 37-3 1:33 


given in the Herbert descriptive pamphlet are reproduced on the 
same scale in Fig. 7. As will be seen, the accord must be said to 
be fairly good. 
It may be observed that the three highest values in Fig. 6, 
- viz. those for hardened steel, differ widely. 
Ag a matter of fact, the Herbert tests varied considerably 
at different points of the hardened specimens ; the lapse of time 
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between the Brinell determinations and the present tests might 
also to some extent be responsible for this irregularity. 

For the sake of comparison, in Fig. 7 the graphical repre- 
sentation has been plotted (I) of the two formule proposed by 
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40 


30 
20} 
10 
(e}{ Ces = = - 2 = = - : 
fe) too 200 300 = 400 §00 600 Joo Brine// 
@ Gysinge Steel. © Langshyttan Steel. x Alloys. 
Fia. 6. 


Herbert for converting the time test-numbers into Brinell 
numbers, viz. : 


= 0-3T?, when T < 33-33, 


B 
and B = 10T, when T > 33-33. 


As will be seen from the figures, these formule represent the 
actual observations, including those now obtained, with fairly 


er rere 
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food accuracy. However, it cannot be denied that the discon- 
tinuity assumed—that is, the validity of two different functions on 
both sides of the values T = 83-83—is entirely gratuitous. There 
is no reason for not admitting the connection between B and T 


Sec 


80 


Hrerberl 


7° 


60 


100 200 300 400 sou Wace 700 Brinell 
O Herbert determinations. 
Fia. 7. 


to be a continuous function, as the continuous curve (II) drawn 
in Fig. 7 (and in Fig. 6). 
The—entirely empiric— formula of this curve is the following : 
T = kB + AB; 
for the constants are taken the values— 
k =1-7 and h = 0-000047. 
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As will be seen, this curve comes very near to the observed 
points, so that on the whole no systematic deviations occur. It 
may be added that this curve contains only two constants, that 
is, not more than in Herbert’s formule. 


9. HarRpNEss oF THE Extra Harp Brinett Batu 
oF §.K.F. 


A point of some special interest was to know if the Herbert 
pendulum permitted of a hardness measure on the extra hard 
steel balls of S.K.F., already referred to. In order to use 
the pendulum on these steel balls (10 millimetres in diameter) 
a special chuck was constructed, in which the ball was held 
firmly in a centred position. By means of a centring ring, fitting 
exactly on the upper surface of the chuck, and divided into two 
parts, so as to enable its withdrawal before the test, it was possible 
to place the pendulum with considerable accuracy on the highest 
point of the ball to be tested. 

As will be seen from Table II., these balls gave a time test 
figure which scarcely differs from that of a glass plate. Of course 
the curvature of the steel balls will have the effect of slightly 
raising the figure. ‘This, however, is the case also for the ordinary 
steel ball used as a standard, and we may conclude that the 
Herbert time test gives evidence of an increased hardness of the 
new steel balls of 8.K.F. 

_ No difference was to be found between the extra hard balls in 
polished and etched condition. 

As for the scale test, the figures obtained for the extra hard 
balls are not higher than that obtained for the comparison ball, 
and they are decidedly lower than the value obtained for the 
hardened steel gauges of C. H. Johansson. 


10. Work Harpness anp Frow Harpnzss. 


It is stated in the descriptive pamphlet that “ the scale test 
measures work hardness or resistance to working with a tool 
which is not measured by any other instrument.” This ought 
to be “not directly measured by any other instrument.” As a 
matter of fact, from a theoretical point of view, the result of the 
scale test must be practically the same as the increase in the 
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Brinell numbers obtained on increasing the load used. It can be 
said that while the scale test gives an indentation in one single 
direction (that of the swing), the Brinell test, on increased load, 
will make an increased ‘indentation ” in all directions. As a 
measuring method the scale test might be preferred, but in point 
of principle the mode of working must be analogous. Thus, in the 
case of the seale test giving an exceptionally high value in relation to 
the time test, that is, at an exceptionally high value of the ratio , 
or “ flow hardness ”’ (which is also included in Tables II. and III.), 
we must expect a considerable increase in the Brinell numbers 
on increasing the load. 

In order to test this supposition, some Brinell tests were 
carried out on the metal which shows decidedly the greatest 
“ flow hardness,’ namely, Era manganese steel. A Brinell series 
was also carried out on the sample of Monel metal used, which 


x 


likewise has a very high ratio, T The result is given in Table IV. 


It will be seen from this that for Era steel the Brinell hardness 
number H (referred to spherical surface) considerably increases 
with increasing load P, both with the smaller 5-millimetre ball 
(H =175 to 213) and with the 10-millimetre ball (185 to 212). 
Now, this increase being a general feature for most metals, one of 
the authors 1 has shown how to reduce the H values obtained, using 
different P to a standard value Ho, corresponding with a definite 
load P, (as 500, or 8000 kilogrammes). Using the formula (2) 
given there, the above H values are reduced so as to be valid for 
the same pressure P, = 500, respectively P»>= 8000 kilogrammes. 
It will be seen from the last column in Table IV. that even these 
values H, (designated also as B)—which generally are constant— 
for the Era steel, do increase with increasing load: using the 
5-millimetre ball (193 to 218) as well as the 10-millimetre one 
(205 to 212). 

Consequently, for this material, Era steel, which is characterised 
by the highest “flow hardness,” according to Herbert (2-11), there 
is a very marked increase in the Brinell number with increasing 
load.? 


1 C, Benedicks, loc. cit. 
2 It is natural to admit that this increase is to a great extent due to a trans- 
formation of austenite into martensite. 
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This is exactly what was to be expected. Itmaybe added that 
one of the authors! has shown earlier that the Brinell numbers for 
a ball 29 =5 millimetres and P = 500 kilogrammes are practically 
identical with those obtained with a ball 20 =10 millimetres 


TABLE [v= Britell Tests on Increasing Load. 


| B=H,, 
| sey fe] BR | ab | om | ens 
| resp. 3000 kg.) 
| Era manganese steel. 5 9953 0-85 175 193 
5 199°6 1-16 186 200 
5 299°3 jboss 199 209 
5 399-1 1°58 199 204 
5 498-9 1-70 213 213 
10 | 1000 2-625 | 185 205 
10 2000 3°51 200 210 
10 3000 4-155 242 212 
Monel metal. 5 99:8 0:80 197 218 
5 199-6 Peay 184 198 
5 299-3 1°39 193 203 
5 ' 399-1 1-605 192 197 
5 498-9 1-79 193 193 
10 1000 2-625 182 202 
10 2000 3°56 194 204 
10 3000 4-5] 178 178 


and P = 8000 kilogrammes (as used by Brinell). We see that 
this fact is borne out by the above determinations on Era steel, 
the corresponding figures being 218 and 212. This appears to 
be evidence of the reliability of these determinations or of the 
homogeneity of the steel investigated. 

For the Monel metal, the result is much less conclusive. As 
will be seen, the H values slightly decrease with rising load P 
(197 to 193, 182 to 178, showing some irregularities) ; and the 
H, values considerably decrease (218 to 198, 202 to 178). In this 
case the hardness number for the 5-millimetre ball and P = 500 


1 C, Benedicks, loc. cit., p. 87. The apparatus used above for P = 100 to 500 
is the same a3 that used in this thesis, while for P = 1000 to 3000 a Brinell press 
from Aktiebolaget Alpha, Stockholm, was used. 
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kilogrammes (H = 198) considerably differs from that obtained 
with the 10-millimetre ball and P = 3000 kilogrammes (H = 178). 
This is quite abnormal, and suggests that the Monel metal 
specimen used was not homogeneous, probably being harder near 
the surface than in the interior. 

In any case, it has been established that for the material 
having the highest ‘“ flow hardness ” of all, the Era manganese 
steel, one also finds an extraordinary high increase in Brinell 
hardness on increasing load. 

In consequence, we seem to be justified in considering the 
qualities measured as ‘‘ work hardness’ and “ flow hardness ” 
respectively to bear a definite relation to the Brinell test. In 
other words, the time test, or indentation hardness, as stated 
already by Herbert, is very closely related to, and convertible 
into Brinell numbers; the seale test, or work hardness, is to 
be considered as being related to the pressure derivative of the 
Brinell hardness. 

This point of view merits a much more detailed examination ; 
no doubt the scale test, being a much more direct method than a 
series of Brinell tests, seems to be very promising for elucidating 
this subject. 


11. Summary. 


1. A somewhat detailed scrutiny has been made of the 
construction and working of the Herbert pendulum hardness 
tester. 

2. It has been established that the motion of the pendulum 
ball, on the swinging of the instrument, is a purely rolling (not 
sliding) one. 

8. As evidenced by some direct proofs, the shortening of the 
time of oscillation for metals as compared with the swinging on 
glass is due to the general fact that the period is shorter on 
a concave surface than on a plane one; the effective curvature 
increases with the depth of indentation in the metal. 

4. For handling the instrument a device was used (Fig. 4), 
which proved to be of great service. 

5. It was found quite practicable by adjusting the pendulum, 
for indifferent equilibrium, and then lowering the centre of 
gravity, to obtain fairly concordant values. The adjustment for 
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indifferent equilibrium, however, is rather tedious, on account of 
some slight elastic deformations of the pendulum casting (directly 
proved to occur). A somewhat increased rigidity of the arch 
would render the adjustment easier. As, however, no difference 
could be detected between widely different glass plates for the 
behaviour of the pendulum, there is scarcely any objection to 
be made against the—somewhat easier—direct adjustment of the 
pendulum, so as to give a time number 100 on glass. 

6. A considerable number “of different steels and other 
materials (including diamond) were tested, and partly compared 
with regard to Brinell hardness. The actual results obtained 
(Fig. 6) agree fairly well with those of Herbert. 

The new “extra hard” Brinell balls made by the §.K.F. in 
Gothenburg (Hultgren’s method) were found to give time test- 
numbers slightly above those of ordinary steel balls. 

7. As claimed by the originator, the “scale test ** seems to 
offer considerable interest for the cold-working properties of 
metals. It was’ pointed out, however, and. established for 
manganese steel, that the increase in the Brinell numbers, on 
increasing load, probably gives analogous results. 

To sum up: The present investigations, besides elucidating 
some obscure points, lend support to the statements of the inventor, 

“~~~and lead to the conclusion that the Herbert pendulum is an 
interesting and useful addition to the metallographic laboratory. 
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CORRESPONDENCE. 


Mr. Epwarp G. Hersert (Manchester) wrote that while appre- 
ciating the careful nature of the investigations described in the paper, 
he could not help regretting that he was not aware that it was in 
preparation. A considerable body of data had been collected expressly 
for the purpose of assisting those desirous of investigating the theory 
of the instrument, and that material, consisting mainly of measure- 
ments and photographs of impressions made by the pendulum tests in 
various materials, he would gladly have placed at the disposal of the 
authors. 

As regarded the theory of the time test, the authors had shown 
that a decrease in the radius of curvature of the impression must result 
in a more rapid oscillation. They had not shown any reason for be- 
lieving that the impressions made by the same ball in hard and in soft 
materials were in fact different in curvature. As a result of careful 
measurements of time-test impressions it was possible to arrive at 
some quite definite conclusions. 

The impression seen in plan was approximately circular—as nearly 
circular as a Brinell impression. There was no persistent elongation 
of the impression in the direction of oscillation. Seen in profile—that - 
was, In a vertical section through the impression—-the curvature was also 
approximately circular, and it followed that the surface of the impres- 
sion was approximately spherical. The radius of curvature was about 
30 per cent. greater than that of the ball. The impression made by 
the 1-millimetre ball would closely fit a ball 1-3 millimetre in diameter. 
The depth of the impression made by the time test in mild steel was 
about 0:0075 millimetre. His own conception of what occurred was 
as follows. 

The ball in consequence of the slight oscillation of 2° or less rolled 
to and fro in the shallow impression which nearly fitted it, and as it 
rolled the point of contact between the ball and the impression travelled 
from one side of the impression to the other. At the extremity of an 
oscillation the point of contact, which was the point of suspension 
of the pendulum, was at the edge of the impression ; the weight of the 
pendulum acted through the centre of the ball, which was virtually 
at the centre of the impression. There was therefore a gravitational 
moment equal to the weight of the pendulum multiplied by half the 
diameter of the impression, tending to restore the pendulum to its 
central position. Ifthe specimen were soft there was a large impression, 
a large restoring moment, and therefore a quick swing. With a spherical 
impression it was not certain that the oscillations would be isochronous, 
as the amplitude became less through damping. A mathematician 
could no doubt find the equation of a curve which would give 
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isochronous motion, and that might be found to be a cycloidal curve 
closely approximating to the circular form. 

If that theory were correct there should be a close relationship 
between the diameter of the impression and the time of swing, and 
such a relationship had been found to exist. If the diameter of the 
impression were measured in millimetres, the reciprocal of the diameter 
squared approximated to the number of seconds for ten single swings. 
The value so calculated was too low on soft materials and too high on 
hard substances. 

A device for handling the pendulum, or rather for operating it 
entirely without handling, had been devised by the makers of the 
instrument. 

For the purpose of converting the time hardness numbers into 
Brinell hardness numbers two formule had been developed, for hard 
and soft materials respectively. With the authors’ statement that the 
assumption of discontinuity was “ entirely gratuitous,” he was unable 
to agree. In carrying out Brinell tests it was customary and necessary 
to adopt different loads for hard and soft materials respectively. 
It was sometimes assumed that the two series of numbers so obtained 
were continuous, though it was fairly well known that such was not the 
case. After making a large number of Brinell tests on a range of 
materials with both the 500 kilogramme and 3000 kilogramme loads, he 
came to the conclusion that to arrive at any one formula for converting 
the continuous series of pendulum hardness numbers into the two 
discontinuous series of Brinell hardness numbers would be impossible. 
That impossibility the authors claimed to have accomplished, and they 
were to be congratulated. The new formula was interesting, but from 
the standpoint of practical utility somewhat difficult to apply. The 
metallurgist in a hurry would perhaps decide that the best way to 
obtain the Brinell hardness number was to make a Brinell test, and 
probably he would be right. 

On the subject of work-hardness and flow-hardness the authors 
said that “from a theoretical point of view the result of the scale test 
must be practically the same as the increase in the Brinell numbers 
obtained on increasing the load used.” The theory was not explained 
and did not appear to be well supported by the facts quoted, which 
showed that the Brinell numbers decreased with increasing load in 
Monel metal. 

The subject interested him (Mr. Herbert) because he had encountered 
a similar phenomenon in testing another metal, rustless iron. In that 
case also the Brinell numbers decreased with increasing load ; a speci- 
men gave Brinell hardness 136 with 500 kilogramme and 101 with 3000 
kilogramme load. In the case of manganese steel he, like the authors, 
had found that the Brinell numbers increased with the load, but in an 
irregular manner, an increase of load actual reversing the order of 
hardness in some cases. He had no theory capable of explaining those 
discrepancies, but he suspected that they, and also the divergence 


CHRISTIANSEN’S PAPER. 941 


between the time and scale hardness numbers of certain materials, 
were all manifestations of the same phenomenon. 

Recent researches had impressed on his mind that hardness in 
metals was not a static quality. Hardness was changed not only by 
the act of working a metal, but also by the act of testing its hardness. 
Tt was the realisation of that fact which led to the development of the 
“work-hardening test,” in which the specimen was progressively 
work-hardened by the repeated rolling action of the ball and the “ work- 
hardening capacity” of the metal was measured. It was significant 
that manganese steel, rustless iron, and Monel metal all had abnormally 
high work-hardening capacity, and there could be little doubt that 
the discrepancies in the Brinel! numbers were caused by work-hardening 
in the process of testing. 

It was easy to measure the work-hardening produced by the Brinell 
test. The work-hardening test could not be made in.the actual Brinell 
impression on account of its curvature, but by grinding away the surface 
of the specimen until only a trace of the impression remained, it was 
possible to obtain a flat surface of metal which had been compressed 
by the Brinell ball. Since that metal had already been work-hardened 
to some extent, its remaining work-hardening capacity must obviously 
be less than that of the surrounding metal which had not been affected 
by the Brinell test. The difference between those two work-hardening 
capacities measured the work-hardening produced by the Brinell 
test. 

Experiments made on manganese steel showed that the Brinell 
test with 500 kilogramme load work-hardened the metal up to 22 per 
cent. of its maximum work-hardening capacity, and that the test with 
3000 kilogramme load work-hardened it to 51 per cent. of its capacity. 
In view of those facts it was not difficult to understand why the higher 
load gave a higher Brinell hardness number, but still gave no true 
indication of the work-hardening properties of the metal, as shown by 
its working properties and as measured by the pendulum hardness 
tester. 


Mr. A. Hutreren (Gothenburg) wrote thatin stating on p. 222 that, 
“ generally, the motion of the ball of the Herbert pendulum is purely 
one of rolling,” the authors apparently had not considered the fact 
that when a ball rolled in a closely fitting groove the conditions of 
pure rolling were not fulfilled. In the general case, during rolling, 
there would be simultaneous sliding forwards at the sides of the groove 
near the edges, and sliding backwards at the bottom. Only at a 
certain distance from the bottom, depending on the distribution of 
pressure in the contact surface, would pure rolling occur. The fric- 
tional resistance occasioned by the sliding was one cause of the gradual 
reduction of amplitude during the course of a Herbert time test, that 
effect being, of course, more noticeable in testing soft materials. 

The authors assumed that the bottom of the impression made by 
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the Herbert pendulum was curved in the longitudinal direction, that 
curvature increasing for softer materials, and explained in that way 
the lower time-test values obtained for such materials. They arrived 
at that conclusion by analogy. It would, however, be of interest if 
the authors could give some evidence to prove that such was actually 
the shape of the groove. How did the authors explain the formation 
of that curve ? 

Referring to the diagrams in Figs. 6 and 7, was it necessary to 
assume that the curve should pass through the origin? Further, 
bearing in mind that the high values recorded necessarily were un- 
certain—the Brinell as well as the Herbert time test values—on 
account of permanent flattening of the ball, it appeared that one 
straight line would fit the plotted points just as well as the curve 
given. As far as cold-worked hardened steel balls were concerned, it 
might be remarked that in his (Mr. Hultgren’s) own experiments,} 
using a steel ball as a pivot, quite irregular and unreliable results were 
obtained, due to permanent flattening of the ball. He did not think, 
therefore, that the values given by the authors represented the true 
hardness of that material. A suspension ball of ruby or other hard 
material should be used for such a purpose. 


Mr. Huen O’Nerii (University of Manchester) wrote that the 
results of the authors’ examination of the fascinating Herbert pendulum 
tester confirmed the experience of those who had previously handled 
it. If used with care, the tester was without doubt a sensitive instru- 
ment, and he (Mr. O’Neill) had made measurements of the hardness of 
different faces of single crystals of aluminium with its aid.* 

As the authors remarked, the pendulum tester was more suited to 
the laboratory than to the workshop, but portability was a great point 
in its favour. It was also worthy of mention that the pendulum 
hardness of india-rubber was very low (sometimes zero)}—a result which 
compared favourably with scleroscope and Brinell (ordinary method) 
values for that material. 

The inventor stated that the “ scale test ’”’ measured work-hardness 
or resistance to working with a tool. By the courtesy of Mr. E. G. 
Herbert he (Mr. O’Neill) was enabled to make some pendulum tests 
in 1923 upon two samples of 60 : 40 brass. The two brasses had been 
examined by Professor C. H. Desch,® and lathe tests, drill tests, and 
shop experience alike proved that they possessed very different degrees 
of machineability. No. 623 was much more difficult to work with a 
tool than No. 618, yet hardness tests which he (Mr. ONeill) had carried 
out and reported below in Table I. did not show it. 


1 «Improvements in the Brinell Test on Hardened Steel, including a New 
Method of Producing Hard Steel Balls,” Journal of the Iron and Steel Institute, 
1924, No. II. p. 7. 

% Journal of the Institute of Metals, 1923, No. II. 

8 Journal of the Society of Chemical Industry, July 1920, 
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TasLeE I|—Tests on 60: 40 Brass. 


No, 618. No. 623. 
Hardness Tests, Drilling Time, | Drilling Time, 

25 secs. 40 secs. 

(Desch), (Desch). 
| Herbert ‘“‘ scale? number. = 28:5 28-0 
Herbert “‘ time’ number. ‘ 20-0 22-4 

Brinell number. 2-millimetre 

ball, 20 kilogrammes . : 123 113 


Tests of that type seemed to be of little value as indicators of 
machineability. 

The authors had reported some Brinell tests on manganese steel, 
and had corrected the rising hardness numbers obtained at different 
loads to what they said should be a uniform value H, by means of 
Professor Benedicks’ formula. When the values of H, obtained in 
that way showed a tendency to rise the conclusion was arrived at that 
manganese steel gave “ an extraordinary high increase in Brinell hard- 
ness on increasing load” (p. 237). That conclusion was contrary 
to his (Mr. O’Neill’s) experience, and the following figures of other 
workers showed that manganese steel was not extraordinary in that 
respect. 


TasLe II.—10-Millimetre Ball. 


Brinell Hardness H. 
Test Load. Rise of 
Sample. : H with 
Load. 
1000 Kg.| 2000 Kg. 3000 Kg. 
! 
| Norb aes! 1 
orbur, an amue. 
Manganese steel . | 188 | 200 | 203 | 15 y ; 


Journal of the Iron and 
Steel Institute, 1924, 
No. I. 


Chromium steel 
(No. 19). . ss 192 202 210 18 


—_—= 


Manganese steel . | 205 212 221 16 
Tool steel . . | 224° | 247 256 32 


the Institute of Mechani- 
cal Hngineers, April 


Batson, Proceedings of 
1923. 


Manganese steel . | 185 200 212 2a; Present authors. 


\ 


If the rise of the authors’ value H, were not due to the behaviour 
of manganese steel, it might be due to the Benedicks’ correction 
formula itself. He suggested that that was the cause of the trouble, 
and he knew that many other workers would agree with him. If 
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the Benedicks’ formula were accurate, the Meyer law of comparison 
for spherical indentations would be inaccurate. All recent work, how- 
ever, confirmed the validity of Meyer’s observations. 


Professor BENEDICKS, in replying to the discussion on his paper, 
wrote that, in regard to the fundamental point, namely, the theory 
of the time test which he and Mr. Christiansen had tried to elucidate, 
Mr. Herbert remarked that the authors “ had not shown any reason 
for believing that the impressions made by the same ball in hard and 
in soft materials were in fact different in curvature.” That remark 
was quite true, but in fact the authors found it nearly evident that 
the curvature was less in a hard material; for hardened steel the 
impression, if any, was extremely shallow, while for lead the impression 
would approach the curvature of the ball. As the method used by 
Mr. Herbert of preparing sections of the copper-plated specimen, though 
elegant in itself, could scarcely be very accurate, he (Dr. Benedicks) 
had now made some optical measurements in order to decide whether 
the curvature of the impression was variable, or, as Mr. Herbert 
assumed, essentially constant for different metals. The method used 
was a direct optical one: parallel light fallmg on a spherical impres- 
sion, as was well known, would be reflected to a focus (giving a sharp 
image of the source of light) at a distance f = R/2 from the lowest 
point (centre) of the impression, where R was the radius of curvature. 
Using a weak objective, and no concentrating lens—so that the light 
could be considered as practically parallel—focusing was made succes- 
sively on: (1) the centre of impression, (2) the plane surface, and 
(3) the reflected image of the source of light. Using four specimens 
with impressions immediately at hand, pertaining to the original 
research material, the following figures were obtained (in millimetres) : 
a was the distance between the image and the plane surface, 6 the 
indentation depth, and f=a-+- }, the focal distance of the concave 
mirror. ‘T was the time figure obtained earlier. 


an | a. | b fe 2k | 
= = =| 
Lead ‘ ; . | >>l0 | —0-086 0:39 0-302 Te2 
Tin ; . el geas 10) --0 +235 0-09 0-325 G30) 
Zine Ke: a =| 13-8 +0 +325 0-025 0-350 1-40 
Patent nickel . ; 18-4 +0 +334 0-024 0-358 1-43 


As would be seen from the last column, the diameter 2R of the sphere 
of curvature of the impression, for tin, was 30 per cent. higher than 
the diameter of the ball (1-00 millimetre). That was quite in accord 
with Mr. Herbert’s general statement, ‘‘ The radius of curvature was 
about 30 per cent. greater than that of the ball.” For the softer 
metal, lead, however, the radius was only 21 per cent. greater; for 
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the harder metal, zinc, it was found to be 40 per cent., and for the still 
_ harder fourth metal, 43 per cent. greater than that of the ball. Thus, 
the curvature of the impression was actually a function of the hard- 
ness of the specimen. That substantiated the explanation given by 
the authors as to the time test. 

It might be added, however, that, apart from the point just 
mentioned, the conception now given by Mr. Herbert in reality scarcely 
differed from the view of the authors as given in the paper ; consider- 
ing the gravitational momentum must of course give the same result 
as considering the raising of the point of gravity of the pendulum. 

The fact that the impression seen in plan was approximately 
circular was evident ; however, to conclude from that that no elonga- 
tion at all occurred seemed scarcely to be possible, according to the 
figures now given by Mr. Herbert, as differences or irregularities in 
diameter for a given metal occurred there which were much greater 
than the difference to be theoretically expected. 

He was glad to learn that the makers of the instrument had now 
introduced a device for handling it, which certainly would add to its 
popularity. 

Concerning the discontinuity assumed by Mr. Herbert at T = 334 
—and not accepted by the authors—the following might be said. It 
was of course well known that in order to transform Brinell numbers 
of annealed carbon steel into tensile strength, a discontinuity had to 
be assumed at 0-5 or 0-6 per cent. carbon—as shown by Mr. G. Dillner 
in 1903. He (Professor Benedicks) entered in his Doctor thesis into 
a detailed discussion of that, and related facts. That discontinuity 
—shown also by several other properties—was explained by the 
ferronite hypothesis, implying a constitutional difference between the 
ferrite at low-carbon content < 0-50 and that at higher carbon. Thus 
the relation between Brinell numbers and tensile strength might be 
expected to change at that critical carbon content ; but, in his opinion, 
no such reason could be found for a discontinuity at T = 334. 

In reply to the remarks of Mr. Hultgren, Professor Benedicks wrote, 
that it was quite true that purely mechanical friction possibly 
occurred in some zones on the rolling motion of the ball. That 
friction—probably small in comparison with the work done in defor- 
mation—of course would contribute to the damping of the motion on 
soft materials, but could not explain the decrease in the swinging time. 
As evidence to prove that the curvature of the impression was in- 
creased with decreasing hardness of the metal, he had pleasure in 
referring to the above observations. 

Mr. Hultgren rightly asked if it were necessary to assume that 
the curve in Figs. 6 and 7 should pass through the origin. The reason 
why the author thought it must—though scarcely convincing—was 
the following. : 

First, it would decidedly be violating the actually observed points, 
at least those given by Mr. Herbert, to deny such a tendency. Thus, 
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he thought, Mr. Herbert had been quite right from the observations 
to infer a quadratic relation B = KT?, valuable at low B values, and 
implying 

T= 0itor B= 0: 


From a theoretical point of view the question was a complicated 
one, since neither the Brinell nor the Herbert test, without supple- 
mentary conventions, had any definite meaning for B = 0 and T = 0 
respectively. 

In order that the Brinell test should have a definite meaning near 
B = 0, it was necessary to assume first that the ball should be made 
weightless, and, further, that the material tested, though extremely 
soft, had a certain rigidity, permitting its free surface to support the 
weightless ball when acted upon by a very small pressure. 

In analogy, in order to attribute a definite meaning to the Herbert 
test near T = 0, it was necessary to assume first that the pendulum 
could be given as small a mass as might be desired, and, moreover, 
that the material, notwithstanding its softness, had a rigidity sufficient 
to support the pendulum ball and to offer a definite friction, causing 
no sliding to occur between the ball and the supporting material. 
That being supposed to be extremely soft, the impression was to 
be considered as having practically, or even completely, the same 
curvature as the ball. Thus, according to the assumptions made, 
no proper rolling could occur, the ball being simultaneously rigidly 
supported by a large spherical surface. That signified that the oscilla- 
tion frequency of a light pendulum must be extremely great—+.e. that 
T would be nearly = 0, as under the same circumstances B would 
nearly = 0. 

That extension of the theoretical parallel between Brinell and 
Herbert test, of course, would scarcely be in opposition to Mr. Hultgren’s 
proposal to summarise the observed points with a straight line. The 
joint authors had already discussed that possibility, but found it less 
advisable from a theoretical point of view. 

He (Dr. Benedicks) did not consider the theory of the time test 
as at all a complete one; as suggested privately by Mr. Herbert, not 
only the curvature, but also the diameter of the impression might 
have a considerable influence. 

Professor Benedicks wrote in reply to the communication of Mr. 
Hugh O'Neill that the interesting figures in his (Mr. O’Neill’s) Table I. 
induced him to make the following remarks. 

Let it be assumed that the Brinell hardness of a metal (e.g. copper) 
increased continually with increasing content of a foreign metal (e.g. 
zinc), within a wide range of composition. A cutting test—such as the 
drilling test—would then show a definite optimum at some given 
content of the foreign metal: at higher contents the drilling time 
would increase on account of the increased hardness, which caused more 
considerable cutting work and a gradual wearing off of the cutting 
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edges ; at lower contents the drilling time would increase on account 
of the softness of the metal, which implied a less good chip formation, 
a soft metal (as copper)—as well known to every mechanic—being apt 


to “smear.” In order, therefore, to permit of a higher cutting speed 
m screw manufacturing, the hardness (or brittleness) of a low-carbon 
steel, as was well known, was often intentionally increased by the 
addition of sulphur or phosphorus. 

In consequence, with increasing hardness beyond that optimum 
hardness, the Brinell tests and drilling tests would vary in the same 


[Sm 70 5 . , / 2 3 #x/000kg 
< / > —>P 
Fig. A. 


direction, while below the optimum hardness Brinell tests and drilling 
tests would vary in an opposite direction. Apparently, the figures now 
quoted by Mr. O’Neill were valid for the latter case. 

Table II. of Mr. O'Neill was of great interest, as showing that the 
Brinell hardness determination of some other workers on manganese 
steel did not show as great an increase of the hardness number H on 
increasing load P as that found by the authors. It was not known 
whether the specimens used by those other workers showed the same 
high “‘ work hardness ” S/T as the specimen used by the present authors 
(and obtained from Sir Robert Hadfield), Anyhow, a graphical 
reproduction now made by Professor Benedicks (Fig. A) gave evidence 
that the variations in H were so considerable that no definite conclusion 
as to an abnormally high increase in H with P now appeared to him to be 
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possible. The differences found by the different workers must be due 
to experimental errors, which, however, did not surpass about 5 per 
cent. They were in no way due to a supposed inexactitude of his 
(Professor Benedicks’) reduction formula. As a matter of fact, that 
reduction implied that the H-P- curves for different metals in the 
interval of say 1000 to 2000 kg., from a practical point of view, could 
be substituted by straight lines, intersecting the absciss axis in a point 
at the distance 1 = 17,000 kg. to the left of the origin. As seen by the 
graph, that fact was likewise borne out in a highly satisfactory way 
by the determinations now adduced by Mr. O’Neill. 
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ON THE NATURE OF HIGH-SPEED STEEL. 


By MARCUS A. GROSSMANN ann EDGAR C. BAIN 
(DunuirE, N.Y., U.S.A.). 


THis paper is intended to give a more or less complete account 
of the physical phenomena occurring in high-speed steel from the 
time of casting the homogeneous melt to the production of the 
hardened tools, so far ag the changes in the nature, amounts, 
and distributions of the well-known constituents of such steel 
are concerned. | 

It is the intention to emphasise the community of properties 
of high-speed steel and all other steels—that is to say, high-speed 
steel, far from being an alloy having wholly unique properties, 
merely possesses to an unusually marked degree certain of the 
tendencies which may already be discerned in other steels and 
alloys. Although the particular combination of elements found 
in high-speed steel has produced mechanical properties almost 
unhoped for in any steels, the same metallographic constituents 
and the same familiar reactions are found in them as in the 
others. 

The authors have found it necessary to avail themselves of 
the results of many of the methods of investigation applicable 
to metals. The more recently developed conceptions of crystal 
structure and hardness constitute the foundation upon which 
the views offered here have been built, and although much of the 
evidence is based on microscopic examination, the authors have 
attempted to interpret the results in such a way as to correlate 
all the important known properties of high-speed steel. 

The Ingot:—The ingot of high-speed steel shows the charac- 
teristic structure found in all ingots of cast steel. There are 
columnar grains extending inward, with major axes normal to the 
ingot surface from which they grew. The central portion of the 
ingot contains more or less perfectly equi-axed grains. Fig. 2 
(Plate XI.) is a photomicrograph of a polished section normal 
to the surface of a high-speed steel ingot showing clearly the 
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columnar nature of the large grains which solidify early. Refer- 
ence to the simplified constitution diagram of Fig. 1 will show 
the conception of the solidification of high-speed steel which is 
offered here for consideration. Data to be presented below will 
show that this simplified diagram must not be considered as 
accounting for all the phenomena taking place in high-speed 
steel. The play of the elements and the different behaviours of 
their carbides will be poimted out in connection with determina- 
tions of the compositions of those carbides which are precipitated 
and (by difference) those which are in solution, under different 
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conditions of heat treatment in the finished high-speed steel. 
Fig. 1, however, may be considered adequate, and shows at least 
the probable shape of the solidus curve. For the present the 
various carbides will be classed indiscriminately together and 
called carbide. This is in accordance with the belief of the 
authors that the phenomena’ of high-speed steel have been ob- 
secured by too much attention to chemical phases rather than 
simplified by due consideration of physical changes and reactions. 
As, then, the molten high-speed steel solidifies, it forms cored 
dendrites which never have time for good diffusion and are more 
or less badly cored, according to the rate of solidification. 
Photomicrographs of high-speed steel ingots call to mind the 
microscopic appearance of white cast iron, and this similarity 
is sufficiently marked to afford a convenient analogy for use in 
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study. The high-speed steel structure immediately after solidifica- 
tion is undoubtedly very similar to the structure found in a low 
carbon hypo-eutectic white iron of about 2-0 per cent. carbon 
content. Primary grains of austenite, cored and more or less 
decomposed, plus eutectic (carbide-austenite) regions constitute 
the fundamental material of the ingot. 

The columnar surface grains and the internal grains of the 
ingot are cored to an unusual degree. The crystallites solidified 
first differ very greatly from the subsequently filled-in portions of 
the primary grains. This condition is illustrated in photomicro- 
graph, Fig.3 (Plate XI.). The magnitude of this disparity in com- 
position of the original austenite grains from centre to periphery, 
and the persistence of the resulting cored structure, play a most 
important part in all the subsequent phenomena, and indeed are 
the cause of most of the manufacturing difficulties encountered. 
It is well to bear this point in mind constantly, and to recognise 
at all times that there is a gradation of concentration of carbide 
from the centres of the dendrites to the eutectic, and that this 
same gradation persists tenaciously to the finished bar of high- 
speed steel. It is believed that the diffusion of these carbides, 
once the steel is solidified, is very slow indeed, and that the 
ordinary heating and manufacturing operations help compara- 
tively little in securing uniformity. 

In the unannealed ingot the usual amount of eutectic found is 
about 13 per cent. This figure is, of course, slightly in excess of 
what is normal for the composition, because the metal solidified 
first is much poorer in carbide elements than the last to solidify, 
which is completely saturated with them. ‘The last portion of 
the primary grains to solidify is, as always, richer in all alloying 
elements. The eutectic temperature is probably very close to 
2450° F. (1840° C.). Within the eutectic regions the carbide is 
the-continuous phase, and the austenite fills in the disconnected 
lakes. For completely homogeneous primary grains the eutectic 
regions probably would not exceed 10 per cent. of the whole. 

The usual ingot of standard practice cools at a rate which not 
only does not preserve the primary grains wholly austenitic, but 
even permits of the nearly complete divorce of carbide in a 
- spheroidal condition: In the grains near the surface the structure 
might be classed as sorbite, while in many of the internal grains 
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the spheroidisation is coarse. Reference to the photomicro- 
graphs will, however, reveal the fact that while in the centre, or 
first-solidified part of cach grain, the carbide agglomeration has 
taken place to completion—the periphery, or last-solidified portion 
of each grain, is still austenitic—no carbide has precipitated here. 
The boundary between these two structures marks the critical 
composition at which the particular rate of mgot cooling can 
effect the austenite-pearlite transformation. There can be no 
inference other than that saturated austenite in high-speed steel 
is very stable indeed. The stabilising action of alloying elements 
found in steel is probably in the order carbon, manganese, chro- 
mium, nickel, cobalt, molybdenum, and tungsten. In high-speed 
steel chromium may be the major influence in stabilismg the 


austenite. It will subsequently be seen that in finished steel - 


there is never produced by any heat treatment austenite so rich 
in the carbide elements ag this material in the ingot last to solidify, 
located near the carbide eutectic regions. 

Within the primary grains of the ingot the boundary between 
the transformed and the untransformed austenite is usually 
marked by a nearly continuous band of carbide. Just outside 
this band there is usually present a zone of darkly etching material 
with a troostitic appearance, representing probably incipient 
transformation of the retained austenite. The location and 
appearance of this constituent suggest strongly the development 
of troostite at a fairly low temperature, whereas the interior of 
the grains transforms readily enough and at sufficiently high 
temperature to allow of complete spheroidisation of the carbide. 
liven this zone probably, to some extent, contributes to the 
carbide band. This may be caused by the high concentration 
of carbide elements in the outer region. If diffusion were not 
so very sluggish in high-speed steel, there would have been a 
constant migration from these rich regions to the poorer for 
precipitation. The carbide band within the grain is doubtless 
the result of such action greatly restricted. It is the authors’ 
opinion that slowness of migration of the alloying elements in 
high-speed steel is its fundamental property. It will subse- 
quently be seen that in the finished tools there often remains a 


trace of this composition gradient from centre to edge of each 


grain. 
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That there is profound difference between the material of the 
interior of the grains and the material solidifying later, outside 
of the carbide dividing-line referred to, may be strikingly seen in 
Fig. 4 (Plate XI.). To accentuate this difference, specimens from the 
centre of the unannealed ingots were heated to 1400° F. (760° C.), 
etched and photographed. The austenite rims of the grains 
were transformed to the very darkly etching troostite-sorbite 
material, while the interior region merely became more coarsely 
spheroidised. : 

The Annealed Ingot—In manufacturing practice the ingot 
may be annealed before heating for forging, or it may be taken 
directly from the casting operation, while still hot, to be forged. 
In the case of annealing, the cooled ingot is heated up over a 
period of six to eight hours to a temperature in the neighbourhood 
of 1600° I’. (850° C.), held at this temperature a short time and 
then cooled slowly, consuming perhaps six to eight hours in cool- 
ing to 800° F’. (425° C.). Before annealing, the ingot consisted of 
primary grains (composed of two structures) and eutectic regions. 
The two structures of the grains were austenite (near grain bound- 
aries and near eutectic regions), and spheroidised pearlite or 
sorbite. The effect of annealing is readily seen in the photo- 
micrograph (Fig.5). The whole of the primary grains has changed 
to spheroidised pearlite and sorbite, and the eutectic patches 
have been very slightly dissolved. The extent of this solution 
is clearly shown in Fig. 6. The carbide thus dissolved has been 
reprecipitated in the cooling time of the anneal, but the composition 
eradient from centre to last solidifying portion of the grains is 
still apparent. It should be noted that the ingot now consists 
of eutectic carbide regions of essentially the same size and forma- 
tion as when cast, and grains of completely spheroidised pearlite 
or sorbite. These grains vary from point to point with the original 
concentration gradient, but there are actually many ferrite grains 
in which some elements are in true solid solution and within which 
tiny carbide particles are precipitated. There are two orders of 
carbide at this stage—the very fine globules and the vastly larger 
lace-like structures of original eutectic. It is not unusual at this 
stage to find one of the eutectic areas of a section extending for 
a sixteenth of an inch, whereas the spheroidised carbide particles 
are usually not over 0-00004 inch in thickness, although they 
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are sometimes longer in some dimension, being at times cylin- 
drical or slightly dise-like in contour. 

In general, extremely rapid solidification produces very many 
fine grains in any metal casting, and slower cooling develops 
large-cored grains. The small grains are most easily homo- 
geneised, because although they too are cored, the distances for 
atomic migration involved in diffusion are short. When, however, 
extremely slow solidification takes place, a uniform composition 
is encouraged although the grains are large, because time is given 
for reaction between melt and solid. The portions of the crystal- 
lites freezing first are richer in iron and lower in carbide ; given 
time, they will to a certain extent redissolve, being to that extent 
replaced in the crystal lattice by atoms in proportions more 
nearly representative of the melt. 

Having in mind this property of solidifying melts, the authors 
believed that high-speed steel solidified over a long period of 
time would have a very nearly uniform composition throughout 
any single primary grain of austenite, and that in such material 
there would be a smaller amount of eutectic. Such a material 
was obtained which probably solidified at a rate of not more than 
4 inch in forty-five minutes. The subsequent cooling of this 
material (after freezing) was somewhat more rapid than would 
ordinarily occur even in very small ingots, corresponding in rate 
with an air cooling of rolled bars. 

The photomicrographs Figs. 7 and 8 (Plate XI.) show this 
material as prepared. ‘lhe photomicrograph Fig. 8 is etched very 
lightly (so as to disclose no martensite markings), and may be re- 
garded as an ideal microscope view of all high-speed steel as cast 
at 1340° C. (2450° I'.). The other figures show the characteristic 
martensitic structure as formed unhampered in large grains of 
austenite. ‘he extreme sluggishness of diffusion (and hence of 
homogeneisation) in solid high-speed steel is clearly indicated here 
again in the failure of even this method to produce perfectly 
uniform composition throughout the primary grains. It wiil 
be seen that while the original austenite has extensively trans- 
formed to martensite in the interior part of every dendrite, 
martensitisation has stopped near the grain boundaries, and 
particularly near the patches of carbide. The inference is that 
the alloying elements were too concentrated to permit the trans- 
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formation. This unique material was further utilised in several 
tests recounted below. Its interest lies in the circumstance of 
its having the highest possible concentration of dissolved carbide 
elements and the minimum amount of carbide eutectic. The 
martensite structure, present here so strikingly, will be discussed 
later in its relation to the usually found structure of hardened 
high-speed steel. 

It may be of interest at this point to show the gradual 
destruction of the intricate figures of the eutectic regions 
which accompanies the cogging of the ingot. In general, the 
original grains of the ingot are deformed in much the same 
manner as 1s the whole ingot. Figs. 9 and 10 are photomicro- 
graphs of blocks taken from an ingot and deformed to successively 
greater extents in a single direction, by flattening under the 
hammer. It will be seen, of course, that the grains are also flat- 
tened ; but the crumbling of the carbide eutectic is more signifi- 
cant, and shows clearly the origin of the ‘“ carbide streaks” in 
high-speed steel bars. If the large carbide particles in the high- 
speed ingot were solid integral masses the problem of producing 
a steel with uniform dissemination of small carbide particles 
would be difficult indeed, probably requiring high temperatures 
for solution and extreme severity of reduction. But the carbide 
regions are frail open structures, and friable as well, hence they 
disintegrate with comparative ease. In subsequent forging, 
the carbide eutectic rapidly breaks up so that the distribution 
of carbide becomes merely a matter of mechanical work to effect 
a thorough “ kneading” of the mass. In the photomicrographs 
(Figs. 9 and 10, Plates XI. and XII.) only the early stages of the 
kneading action are shown. A finished bar represents a much 
more complete breaking up of the carbide regions. 

It is perhaps well to point out that the whole of the good effect 
of prolonged working in rolls or under the hammer is traceable 
to the uniform distribution of small carbide particles throughout 
the material. In the utilisation of the steel, provision must have 
been made for the production of a homogeneous concentrated 
solid solution, in y-iron, of as much carbide as possible. This 
can only be done by the complete crushing up of the original 
carbide eutectic regions and the obliteration of the original coring 
effect. The work actually is accomplished well in for instance, 
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small high-speed steel drill rod, so that the carbide particles 
derived from eutectic areas are nearly indistinguishable in size 
from the particles which have been divorced spheroidally from 
austenite solid solution. 

It is not to be inferred that solution and reprecipitation are 
not responsible for some removal of the carbide streaks of the 
billets resulting from the eutectic areas. * This effect is the more 
pronounced the smaller the size rolled from the ingot, but in all 
but the smallest size of steel bars the carbide distribution is largely 
a matter of mechanical “ kneading.” 

As an example of the persistence of the coring effect of the 
primary grains attention is called to a photomicrograph (Fig. 11, 
Plate XII.) of a 1-inch twist drill which was actually an excellent 
tool. Here is seen a typical carbide streak which is in reality an 
elongated and crumbled eutecticregion. It will be seen, however, 
that the matrix of sorbitic material about this carbide area is not 
uniform in composition. Some of the material near the carbide 
streak is scarcely etched at all, while at more remote points the 
material etches black. The greater concentration of carbide 
elements in the adjacent area has probably acted both to reduce 
the attack of etching acid and also to prevent the precipitation 
of carbide particles, which, being unresolved, photograph black. 
Fig. 12 is a photograph of a longitudinal section of a large high- 
speed steel tool bit. The “ streaky ” nature of the structure is 
clearly in evidence, and it will be observed that in the portions 
etching lighter (the richer regions) the carbide particles remaining 
from the eutectic are larger than those in the darker region, which 
were precipitated from solid solution. 

To summarise, then, high-speed steel requires generous re- 
duction from the ingot, because, in the large sizes at least, the 
improvement by homogeneisation is so largely accomplished by 
mechanical kneading and very slightly by diffusion. The cores 
are “churned” out gradually and the eutectic regions frag- 
mentised. In small sizes, solution during annealing followed 
by reprecipitation contributes to uniformity of structure and 
refinement of carbide particles. 

Martensite in High-Speed Steel.—lIt will be remembered that the 
microstructure shown in Fig. 7 (Plate XI.) represents high-speed 
steel which had solidified with extreme slowness and had then 
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been cooled rapidly. For the sake of brevity it will here be called 
material A. It shows large austenite grains with well-defined 
characteristic martensite markings. In order to determine the 
stability of this austenite-martensite mixture, and to study the 
manner of its decomposition, a sample was heated for half an hour 
at each ofa series of comparatively low temperatures, corresponding 
with drawing temperatures for high-speed steels. The series of 
photomicrographs (Figs. 18 to 16, Plate XII.) shows the significant 
manner in which this material responds with the low-temperature 
reheatings. The lower range of drawing temperatures, up to 
900° F’, (about 500° C.), has comparatively little effect, the mar- 
tensite practically not changing at all. The hardness likewise 
remains about the same, as the original piece showed about 55 
Rockwell C1 and the value after successive draws at 600° and 
900° F. (815° and 482°C.) was still at about the same figure. 
When, however, the drawing temperature has been raised to 
1100° I’, (598° C.), it will be observed that the original martensite 
needles have begun to widen, though still but slightly. The 
effect becomes much more pronounced at 1200° F. (648° C.). It 
will also be observed that in the undrawn material the martensite 
1s in evidence in the grains in the central portions only, and that 
at the high draws the decomposition of the austenite proceeds 
not only laterally, by a widening of the martensite bands, but 
also in the direction of the original needles into the austenitic 
regions in the outer portions of the grains. : 

It is evident that the mobility of the atoms was not great 
enough below 1100° F. (593° C.) to permit any significant amount 
of the preserved austenite to transform into a-iron. At 1100°F., 
however, a decisive amount of this austenite does transform, and 
‘the change is accompanied by an increase in hardness to about 
59 Rockwell.C. A further draw at 1200° F. (648° C.) leads to still 
further decomposition of the austenite, accompanied by further 
increase in hardness to 64 Rockwell C. The first very marked 
change in microstructure is observable here. The decomposition 


[! The dial used in the Rockwell hardness-tester “‘C”’ scale records readings 
made by the impression of a 120° diamond cone at a pressure of 150 kilogrammes, 
70 C (the highest reading) corresponds with Brinell hardness No, 745, and 0 C 
with Brinell No. 140, but the intervening equivalents do not interpolate strictly, 
For further information as to the Rockwell tester, see paper by S. P. Rockwell, 

Transactions of the American Society for Steel Treating, 1922, vol. ii. pp. 1013- 
1033.—ED1Tor. | 
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has now progressed sufficiently to establish the fact that the 
austenite is transforming along regions which are contiguous with 
the original martensite needles, and that the transformation 
progresses outward from them in all directions. The transforming 
process is a slow penetration from the original martensite needles 
into the austenite regions, the layers of austenite bounding the 
regions of a-iron giving way in slow progression as they too 
transform to a-iron. Heating further to 1800° F. (705° C.) merely 
causes the decomposition to proceed further, and at 1400° F. 
(760° C.) the breaking down is nearly complete. It is significant 
of the sluggishness of the reactions in high-speed steel, however, 
that even at a drawing temperature of 1400° F. (760° C.) the 
austenite formed in material A was not wholly decomposed. The 
characteristic white patches in Fig. 15 (Plate XII.) show the 
stable character of this austenitic material, which was still 
preserved after heating for half an hour at 1400° F. (760° C.). 

This photomicrograph (Fig. 15) also gives a very clear and 
significant indication that high-speed steel probably never mar- 
tensitises so completely as, for example, a piece of 0-60 per cent. 
carbon steel. The number of martensite needles in high-speed 
steel is limited, and the intervening regions are austenitic. Ob- 
viously, this is an instance where the fallacy of assuming that a 
specimen showing martensite needles is completely martensitic 
must be avoided. 

It ig-believed that the phenomena observed in this mate- 
rial A are perfectly characteristic of the reactions taking place in 
the drawing of a piece of quenched high-speed steel. The authors 
believe that this specimen, far from being extraordinary, merely 
possesses to a more obvious and demonstrable degree the struc- 
tures found always in high-speed steel. In newly quenched high- 
speed steel the austenite grains have numerous martensite 
markings, which can be observed after suitable etching but which 
are not so clear as in the present instance, because the austenite 
grains are not so homogeneous, and are often small and thoroughly 
strewn with carbide particles. This lack of homogeneity in 
ordinary quenched high-speed steel is due to two factors: (1) 
the coring in the original dendrites has led to the presence of 
composition gradients which have not been wholly removed ; 
(2) the accidental placing of eutectic carbide particles at 
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humerous scattered points, due to the working of the steel and 
the resultant kneading and churning action, has caused small 
regions of local concentration gradients (due to solution) when 
the steel was heated to the quenching temperature. In material 
A the austenite grains formed with goad diffusion in solidification, 
so that they are quite homogeneous, and the eutectic carbide 
is of course segregated in grain boundaries. In other words, 
the crystallisation in the austenite lattice in material A has been 
much more symmetrical and uniform throughout large regions, 
so that the recrystallisation to a-iron (martensite needles) in the 
quench could take place without interruption along much longer 
paths and more completely. 

The hardness changes which accompany this gradual breaking 
down of the austenite are of interest in connection with the 
secondary hardness phenomena in high-speed steel. Material A, 
when reheated to low temperatures, preserved its original hard- 
ness of 55 Rockwell C, unchanged up to a temperature of 900° F. 
(482° C.). At 1100° F. (593° C.) there was sufficient recrystallisation 
into fine-grained a-iron to raise the hardness to 59, and at 1200° F. 
(648° C.) the proportions of austenite and transformed material 
were such as to increase the hardness still further to 64 Rock- 
well C. Above this temperature the further transformation of 
austenite was more than balanced by grain growth and carbide 
formation in the regions transformed previously. 

This is shown by the fact that the specimen drawn at 1300° F. 
(705° C.) showed a drop in Rockwell hardness to about 58, and 
the subsequent draw at 1400° I’. (760° C.) lowered the hardness 
still further to about 49. It must be remembered that this 
softening does not indicate complete softening throughout the 
piece—it is merely a preponderance of the effect of the portions 
that are softening over the austenite which hardens (changes to 
a-iron) at these temperatures. 

These same changes in material A can be followed by observing 
the changes in volume which occur on reheating. <A test-piece 
2-0 inches long was prepared, and ground as nearly as possible 
with parallel ends, so as to make it possible to measure the length 
after various heat treatments. The length was measured on 
two instruments. One was equipped with an Ames dial reading 
to 0:001 inch with a 1:10 multiplying device, so that the 
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instrument could be read directly to 0-0001 inch. The other 
was a Federal dial reading directly to 0:0001 inch. The readings 
given are in each case the average from the figures of two operators 
on each of the two instruments. It is to be observed that there 
is no significant change in the length (i.e. in the volume) until the 
steel has been reheated to 1100° F. (598° C.). At this temperature 
a very considerable expansion sets in, to be followed by further 
expansion at 1200° F. (648° C.). Beyond this temperature the steel 
begins to contract, but here again it must be borne in mind that 
we observe merely a preponderance of effect. The contraction 
due to formation of carbides and to grain growth of the sub- 
microscopic grains of a-iron is more than sufficient to counter- 
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balance the expansion due to transformation of further austenite. 
Comparison of the graphs of expansion and hardness, Figs. 17 
and 18, shows their similarity at once. 

Carbides in High-Speed Steel—It seemed desirable to secure 
some data as to the extent to which the various chemical elements 
in high-speed steel enter into the reactions involved in heat treat- 
ment. It was believed that if_a’ piece of high- speed steel were 
quenched at a high temperature and then dissolved in a suitable 
chemical reagent, the alloying elements which had dissolved in 
the y-iron or had remained in a-iron would go into solution 
in the liquid, while any residual carbides found would represent 
carbides still undissolved in the y-iron phase after the heating 
of the steel for quenching. In the same way, the re-formation 
of carbides on drawing would ultimately lead to the formation 
of granules of such size as to resist chemical attack. _ 
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It is obvious that there is no justification for believing that 
the electro-chemical actions correspond quantitatively with the 
states of solution and precipitation of carbides in the steel. In- 
deed, it is altogether probable that, in the case of at least some 
of the carbides, the reagent can attack and decompose them the 
more readily as the size of the crystal aggregate becomes smaller 
and approaches molecular proportions. However, it is believed 
that the data presented give a good indication of the changes 
on going into solution as the quenching temperature is raised, 
and it may be assumed with safety that the general trend at least 
is as indicated for the drawing temperatures. 

An electrolytic method for solution of the heat-treated speci- 
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mens proved to be very convenient. The specimen was made 
the anode in a small electrolytic cell of about 1 litre capacity, 
using an electrolyte of 1:10 hydrochloric acid, and a copper 
cathode. A weighed specimen was electrolysed with a current 
of about 0°38 ampere for about 100 hours, changing the electrolyte 
at intervals of about 24 hours. Upon completion of the attack 
the still undissolved stub was weighed, giving by difference the 
weight of steel destroyed. The ‘carbide residue’ was filtered 
in an alundum crucible, dried and weighed. Although this did 
not represent the weight of true carbide residue from the steel (due 
to an intervening fact to be discussed later), the true carbide 
was easily estimated by a further procedure. 
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The steel selected for this series of tests had the following 
composition : 


Per Cent. 
Carbon 4 A 5 ; A 0-70 
Tungsten . 4 5 : : : oLs50 
Chromium . : : : ; ‘ , 4-17 
Vanadium . : f ‘ : j 5) Beall 


The steel, in the form of commercial annealed 2 inch square 
bars, was cut into pieces about 4 inches long. A series of these 
pieces was hardened after the usual manner of high-speed tools. 
They were quenched from a gas-fired furnace into oil; the re- 
heating at the low temperatures was done in oil, and at the higher 
temperatures in an electric “ oven.” 

A group was heated at each of the following temperatures— 
1700°, 1900°, 2000°, 2100°, 2200°, 2800°, 2850°, 2400° F. (926°, 
1088°, 1098°, 1150°, 1205°, 1260°, 1288°, 1310° C.)—and quenched 
in oil. From each group one specimen was kept as quenched, 
and one was reheated to each of the following drawing tempera- 
tures—300°, 500°, 700°, 900°, 1100°, 1200°, 1800° F. (150°, 260°, 
390°, 482°, 593°, 648°, 705°C.). There were thus sixty-four speci- 
mens in all. As a matter of incidental interest the specimens, 
after heat treatment, were tested for Rockwell hardness, with the 
results shown in the chart of Fig. 19. 

The specimens were then subjected to the above electrolytic 
solution process. It was observed early that the specimens which 
had been quenched at the highest temperatures and had not been 
drawn showed a very considerable precipitate of tungstic oxide 
in the electrolytic cell, along with the true carbide residue. This 
appeared to have the possible significant interpretation that the 
tungsten carbide, when dissolved in the iron, went into solution 
atomically and not as a compound. It can of course be argued 
that tungsten carbide, if in solution in iron molecularly, would 
be subject to the same attack because of the extreme minuteness 
of the crystal aggregate. However, the phenomenon is con- 
sidered worthy of attention, especially because the amount of 
tungstic acid varies in close conformity with the heat treatment. 

The carbides were analysed for total carbon, tungsten, chro- 
mium, and vanadium. Portions were also treated with ammonia 
and filtered, in order to determine in the filtrate the amount 
of tungstic oxide present with the carbide, as explained above. 
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From these analytical data, and from the weights of carbide found 
undissolved, it was possible to compute the amounts of the ele- 
ments which had been dissolved in the steel on quenching, and 
to discover the trend of their precipitation on drawing. 

Analyses of the carbide in annealed steel gave the following 
probable average : 


Per Cent 
Carbon é : é A 2: 
Chromium . : E A ; 5 : 6:3 
Tungsten . : 2 c A és . 61-0 
Vanadium . : : 3 , 3 SUG 
Iron (by difference) ‘ A : : . 26:8 


The amount of the carbide and its composition indicate that 
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approximately all of the carbon, all of the tungsten, and all of 
the vanadium are in the form of carbide in the annealed steel; 
but it is interesting to note that only about half of the total 
chromium is in the carbide. Annealed high-speed steel, then, 
may be considered to consist of about 70 per cent. (by weight) 
solid solution of chromium in a-iron, and 30 per cent. complex 
carbide. 
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Of the maximum 30 per cent. carbide content, the most dis- 
solved in any quench was about 18 per cent. Judging from the 
appearance of material A, it is conceivable that by heating the 
steel for a long time just below incipient fusion to secure rather 
complete diffusion of the carbide, it would be possible to dissolve 
about 20 per cent. carbide, leaving about 10 per cent. residual. 
The presence of eutectic in material A, which was solidified 
with such extreme slowness, precludes the probability that the 
carbide would be dissolved by any treatment. 


100% = TOTAL STEEL 


VARIOUS ELEMENTS IN SOLUTION 
AS ATOMIC. FER CENT OF STEEL. 


7TOO° 1800° 1900° 2000° 2/00° 2200° 2I00° 
Fia. 20. 


The amounts of the various elements dissolved at successively 
higher quenching temperatures are shown in Fig. 20, plotted in 
atomic” percentages. It is evident that the solubility of the 
elements increases rather rapidly as the steel is heated in the 
higher ranges of temperature. This fact has also been incor- 
porated in the carbide solubility line of the equilibrium diagram 
(Fig. 1). The total amount of carbide remaining undissolved after 
quenching at successively higher temperatures is shown in Fig. 21. 

On drawing these quenched specimens the precipitation 
and re-formation of carbides lead to a gradual increase in the 
amount of “‘ residual carbide.” This decrease in the amount 
of dissolved element, as the drawing temperature is raised, is 
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shown in Fig. 22 for tungsten. This diagram shows also the 
relative amounts in solution after various quenching tempera- 
tures, and may be taken as representative of the way in which 
the various elements go into solution and are reprecipitated. 
It must always be remembered in this connection that the 
analyses, after drawing, cannot be considered to represent ac- 
curately the amount of precipitated carbide, because the freshly 
formed carbide would in many cases be in such a fine state of 
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ageregation as to be susceptible to electro-chemical attack, and 
even though unattacked would be of colloidal size and pass 
through the filter. 

The relative amounts of the various elements in solution 
can best be shown by plotting the results as atomic percentages, 
for the obvious reason that this corresponds with the relative 
number of foreign atoms in the austenite lattice. The atomic 
percentages of the elements carbon, tungsten, chromium, and 
vanadium in solution, after quenching from 2300° F. (1260° C.), 
and followed by various draws, are shown in Fig. 28. Perhaps 
the most striking fact observed here is the relatively large 
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amount of chromium in solution as compared with all the other 
elements. This follows not only from the lower atomic weight 
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of chromium as compared with tungsten, but also from the fact 
that half the total chromium is already in solid solution in the 
annealed state. Unlike carbon, chromium is soluble in a-iron 
to a great extent. 
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Approximately the same relation among the elements is 
observed at all the different quenches, although, of course, the 
absolute amounts vary greatly. An approximate conception 
of the curves at the other quenching temperatures can be de- 
rived by imagining the various graphs to be displaced vertically, 
according to the variations in solubility shown in Fig. 20. 

Table I. gives both in atomic percentages and in weight 
percentages the amounts of the elements in solution after suc- 
cessively higher quenches. Table II. gives in similar units the 
amounts in solution after quenching at 2300° F. (1260° C.) and 
subsequently drawing at the temperatures stated. 


Taste I.—Percentages of Tungsten in Solution after Various 
Heat Treatments. 


Drawing No 300° F. | 500° F. | 700° F. | 900° F. | 1100° F. 
Temperature. Draw. | (150° ©.) | (260° 0.) | (390° 0.) | (482° 0.) | (593° 0.) 
Quenching 
Temperature, 
1900°F. | Weight per cent. |-2-74 | 2-24 | 1-95 | 2-20 | 2-20 | 1-75 
(1038° C.) | Atom p 0-92 | 0-76 | 0-66 | 0-74 | 0-74 | 0-59 
2100° F. | Weight percent.| 4:75 | 3-75 | 3-50 | 2-70 | 3-18 | 2-95 
(1148° C.) | Atom x 1-605)" ¥-26>) 01-18) | 0-91) | 1-07 1) 0-99 
2200° F. | Weight percent.| 5:58 | 5-45 | 5:32 | 3-55 | 4-30 | 3-56 
(1205° C.) | Atom 5D SSeS el O> el 205) label 20 
2300° F. | Weight per cent.| 8-20 | 7-33 | 7:02 | 6-88 | 6-28 | 4-20 
(1260° C.) | Atom 53 Poort Ne buorSy | OAGr yl 1) eae} | Paola} shoes 


Taste II.—Percentages of the Elements in Solution after Quenching 
from 2300° F. (1260° C.) and then Drawing at Various Temperatures. 


Drawing No | 300°F. | 500° F. | 700° F. | 900°F. | 1100° F. 
Temperature, Draw. | (150° O.)| (260° O.)| (890° O.)| (482° O.)| (693° O.) 
“Alloying 
Element. 
Carbon . | Weight percent.| 0-24 | 0-19 | 0-11 | 0-19 | 0-18 | 0-16 
Atom 6 1-24 | 0-98 | 0-57 | 0:98 | 0-93 | 0-82 
Chromium | Weight percent.| 3°31 | 3-35 | 3-30 | 3-33 | 3-18 | 2°85 
Atom nD 3:95 | 4:00 | 3-94 | 3-97 | 3-79 | 3-40 
Tungsten | Weight percent.| 8-20 | 7-33 | 7-02 | 6-88 | 6-28 | 4-20 
Atom a rial eA Sian ee icied |e ren 2 ede 
Vanadium | Weight per cent. | 0-62 | 0-61 | 0-60 | 0-58 | 0:46 | 0-35 
Atom oo 0-76 | 0:74 | 0-73 | 0-71 | 0-56 | 0-43 
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It would seem desirable, finally, to consider the mechanism 
of the hardening of a piece of fished high-speed steel. 

High-speed steel, as has been seen, may be considered, for 
a first approximation, essentially a binary alloy, of which one 
constituent is a solid solution of chromium in iron, and the other 
the complex carbide of high-speed steel. The finished bar con- 
tains on an average 80 per cent. carbide, but this carbide is not 
evenly distributed. A little more than half of it is in the form 
of fine particles which have been precipitated from solid solu- 
tion after the material solidified. Due to coring in the original 
dendrites, which has not been completely removed, there is a 
concentration-gradient from the centres to the edges of these 
areas which represent the original grains. The remainder of 
the carbide is in comparatively coarse particles, which repre- 
sent the plates of carbide in the origimal eutectic. These are 
still present in fairly pronounced streaks throughout the piece. 
Consider this steel aggregate to be heated now to the usual 
quenching temperature for high-speed steel. The solubility 
of the carbide in the y-iron increases rapidly as the tem- 
perature rises, so that at the highest temperature nearly half 
of the total carbide can be dissolved in the matrix. But owing 
to the immobility (the sluggishness of diffusion) of the alloying 
elements, especially the tungsten, there is formed an austenite 
whose homogeneity can never be much better than that of the 
annealed steel from which it formed. In addition, the fortuitous 
placing of the larger carbide particles from the original eutectic 
causes small regional concentration gradients which interfere 
further with the homogeneity of the austenite. 

It is to be observed here that the particles of excess carbide 
exercise a very useful function in preventing grain growth at 
_ this high temperature. But for the obstructing action of these 
sluggish particles of excess carbide, grain growth at the high 
temperatures used for high-speed steel would be so rapid as to 
render the steel useless because of brittleness. 

Having been heated suitably at the high temperature, the 
steel is now quenched. In this quenching process a portion 
of the austenite is transformed to martensite, so that freshly 
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quenched high-speed steel shows under the microscope grains 
consisting of-a mixture of austenite and martensite, and distri- 
buted through them the excess carbide particles that were not 
dissolved. A light etching reveals only the austenite graing 
and the excess carbide particles, but suitable further etching 
shows the martensite to be present very definitely. The relative 
proportions of martensite and preserved austenite undoubtedly 
vary from place to place, following the variations in concentra- 
tion of the carbide. The regions lower in carbide would contain 
more martensite, and those richer in carbide more austenite. 
A piece of freshly quenched high-speed steel is thus to be con- 
ceived as containing regions of austenite-martensite mixtures 
of widely varying stability. Perhaps over half of the steel, other 
than carbide, is austenitic after the quench. 
_ _These differences in stability also become noticeable on 
drawing the quenched steel. We have seen that a saturated 
austenite shows great stability on drawing, as evidenced both 
by the retention of hardness and by the lack of change in volume. 
But the austenite in ordinary quenched high-speed steel is not 
all saturated, and there are many regions where the concentration 
of carbide is much less than the saturation value. It is probably 
in these regions of lower concentration that the softening takes 
place which is observed in high-speed steel on drawing at low 
temperatures. These regions are predominantly martensitic, 
and on drawing at low temperatures the martensite decomposes 
and softens. Such low alloy martensite resembles carbon steel . 
martensite. The decomposition of this martensite can be traced 
both in the hardness and in the shrinkage, for we have seen that 
- saturated austenite (material A), having very little martensite, 
retained both its hardness and its original volume on reheating 
as high as 900° F. (482° C.), whereas ordinary high-speed steel 
both softens and shrinks on being drawn in this lower range 
of temperature. stalks 

When the steel is now drawn at about 1100° F. (598° C.) 
the phenomenon of secondary hardness is observed. The 
austenite regions are transformed, at least to a considerable 
extent, to martensite or troostite. The reaction takes place 
in all regions throughout the piece, although those with a 
lesser proportion of austenite (lower concentration of carbide) 
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transform a little more readily and therefore at a slightly lower 
temperature than do the richer areas. The total effective 
hardening at 1100° F. (598° C.) may be considered as represent- 
ing the “‘ algebraical sum” of the hardening effect of the trans- 
formation of the varied austenite and the softening of the various 
martensites. 

It is well to emphasise at this pomt that the phenomenon 
of secondary hardness is by no means restricted to high-speed 
steel; and it is necessary to distinguish between secondary 
hardness and red-hardness. The retention of austenite on 
quenching is characteristic of many alloy steels on heating to 
sufficiently high temperatures. When such an austenite is 
reheated to low temperatures secondary hardening sets in, owing 
to the formation of sub-microscopic grains of a-iron and the 
precipitation of fine carbide particles. It is likely that if the 
tungsten in high-speed steel, were omitted altogether the re- 
maining elements alone would suffice to cause the retention of 
austenite and the appearance of secondary hardening. 

The usefulness of high-speed steel is due, however, to the 
extent to which it exhibits the property of red-hardness, and 
it is here that tungsten plays its rdéle. The large, heavy, im- 
mobile atoms of tungsten act by supporting the structure at 
these slightly elevated temperatures. Obviously, if the carbide 
elements—particularly tungsten—-can migrate through the 
martensite to form large spheroids of carbide, then the source 
of hardness is lost. In steels with low alloy content this diffusion 
does occur, but the conclusion may be drawn that the tungsten 
atom is still too immobile even at a dull red temperature to diffuse 
through the distorted a-iron lattice so as to form the large 
carbide particles characteristic of annealed steel. 


SUMMARY. 


Examination of ingots of high-speed steel and of pieces of steel 
made from them, but specially treated mechanically and ther- 
mally, has been found to account for numerous phenomena, and 
to afford striking examples of the many structures found in 
normal high-speed steel. 


A material solidified with special slowness so as to secure 
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good diffusion was found to exhibit in marked degree certain 
martensite and austenite phenomena, which are presumably 
characteristic of all high-speed steel, although difficult of recog- 
nition. 

An electro-chemical solution method was employed to deter- 
mine the reactions exhibited by the various chemical elements, 
when high-speed steel is heat-treated at various temperatures. 

Hardness and expansion measurements further elucidated 
the investigation of the reactions taking place during heat 
treatment. 


CONCLUSIONS. 


1. High-speed steel solidifies very much after the manner 
of a 2 per cent. carbon white cast iron, in which cementite is 
replaced by a complex carbide. It is outstandingly hyper- 
eutectoid. 

2. The coring of the original dendrites, and the concentration 
of carbide at the eutectic regions, contribute to a lack of desirable 
homogeneity, which is then obtamed only with the utmost 
difficulty, and rarely with completeness. 

3. The original eutectic areas, which form the familiar carbide 
envelopes, break down readily, owing to their weak structure. 
Although these carbides are never present in very large solid 
grains, their original close association in islands makes thorough 
redistribution in the subsequent working difficult. 

4. The martensite present in ordinary newly quenched high- 
speed steel is more difficult to recognise because small concen- 
tration gradients disturb the homogeneity of the original austenite 
grains. These concentration gradients are due to the coring of 
the original dendrites, and to the accidental placing of eutectic 
carbide particles throughout the mass. 

5. The austenite formed in quenching high-speed steel, far 
from being decomposed completely on reheating at 1100° F. 
(598° C.), may to some slight extent persist even past 1400° F. 
(760° C.). 

6. High-speed steel contains about 30 per cent. by weight 
of complex carbide. In the annealed steel, approximately all 
the carbon, tungsten, and vanadium is found in the “ carbide,” 
together with about half of the chromium. Except in drill 
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rods of high-speed steel there are distinctly two sizes of carbide 
particles, the fragments of the eutectic and the reprecipitated 
globules. 

7. Under average hardening conditions somewhat less than 
half of this carbide is dissolved in the matrix on ‘heating for 
quenching. Heating for a long time so as to approximate 
equilibrium conditions might possibly cause as much as two- 
thirds of the carbide to go into solution. 

8. The solution of the carbides on heating begins at com- 
paratively low temperatures, and continues in a manner that 
would correspond with a modified A,, line. 

9. Hardening of high-speed steel is brought about by dis- 
solving as much of the carbide-forming elements as possible in 
y-iron, and then reheating to form the hardest possible combina- 
tion of martensite and sub-microscopic carbide particles. The 
high temperature required for producing the rich austenite 
is not disastrous to grain size, due to the obstruction offered by 
the residual carbide. The hardness is persistent at high tem- 
peratures as a result of the outstanding property of the alloy— 
the low rate of diffusion of the carbide elements. 
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CORRESPONDENCE. 


Colonel N. T. Bezatew (London) wrote to congratulate the authors 
on the very interesting experimental evidence brought forward to 
show the nature of high-speed steel. He was particularly interested in 
that part of the work which tended to show the close similarity of 
the structure and of some of the properties of the steels investigated 
by the authors, and that of hypereutectoid high-carbon steels. 

On p. 249 the authors stated that “ high-speed steel, far from being 
an alloy having wholly unique properties, merely possesses to an un- 
usually marked degree certain of the tendencies which may already 
be discerned in other steels and alloys.” He (Colonel Belaiew) was 
interested in such statements and in like evidence, as he considered 
that the study of the properties of high-speed steels would be con- 
siderably benefited by comparison with high-carbon steel, and more 
especially with damascene steel. Since 1906, when he started his first 
studies under the guidance of Professor Tschernoff, he had been im- 
pressed by the idea that the damascene steels and, generally speaking, 
the “ damascene process,” if attentively studied and properly under- 
stood, would lead, in the first instance, to improvement in the 
quality of high-carbon steels, and, next, to a better understanding of 
the nature of high-speed steels. A paper to that effect, with special 
reference to high-speed steels, was read by him in 1911 before the 
Russian Metallurgical Society, and in 1918 and 1921 before the Iron 
and Steel Institute. The problem was dealt with at some length in 
the latter paper, and the comparison of that paper with the authors’ 
paper would show the complete agreement between the views of the 
authors and the writer on the main issues of the problem. 

There were, however, some details which seemed to be of sufficient 
importance to be mentioned. For instance, he (Colonel Belaiew) 
would like to endorse the authors’ remarks that the “ gradation, of con- 
centration of carbide from the centres of the dendrites to the eutectic 
persists tenaciously in the finished bar . . .” (p. 251). He would like 
to emphasise that statement and to recall that, according to his views, 
such persistence in carbide distribution led in the damascene articles to 
their beautiful macrostructure, revealed as watering. The accompany- 
ing photogram (Fig. A.) of a sword in the Wallace collection, reproduced 
with the kind permission of the Trustees,! showed the persistence of 
the structure and the distribution of the veins of the carbides. He 
wished that figure to be compared with the authors’ Figs. 9 and 10 ; 
in spite of the difference in scale, the analogy would be clearly seen. 

The uniform distribution of carbide particles under hammer or 
rolls, referred to by the authors on p. 255, was also one of the features 


1 “ Qrystallisation of Metals,” by Colonel N. T. Belaiew. London. 1923. 
1924—ii. T 
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of damascene structures and, moreover, was, in his (Colonel Belaiew’s) 
opinion, responsible for the gradual increase of ductility of very high 
carbon steels and semi-steels during forging. He was also very 
interested in the paragraph on hardening, as he considered that the 


\ 


Fig. A.—Damascene Blade from the Wallace Collection. x 1. 


carbide particles exercised a considerable influence on the hardness of 
the finished article, partly, as shown by the authors (p. 268), in pre- 
venting grain-growth, but also by possible key-acting, and even as 
embedded hard particles. 
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THE CHANGES OF VOLUME OF STEELS 
DURING HEAT TREATMENT. 


By LESLIE AITCHISON, D.Mzr., B.Sc., F.LC. (BirmmveHam), 
AND 
GEORGE REGINALD WOODVINE (Surewssoury). 


In September 1922 the authors presented a number of test 
results dealing with the dilatation and contraction of air-hardening 
nickel-chromium steels during various and peculiar heat treat- 
ments. The present record deals with an extension of the 
series of tests previously recorded, primarily intended to in- 
vestigate more particularly two points that had emerged during 
the initial series of experiments. The first of the matters that 
appeared to require careful consideration was whether the lateral 
expansion and contraction of the metal is equal to the longi- 
tudinal—1.e. whether the steel expands and contracts as a truly 
isotropic material, or whether, as has been suggested, its behaviour 
in the two directions of the grain is different. The second point to 
call for further investigation follows from the fact that the results 
previously recorded were obtained upon specimens that had cooled 
in the dilatometer from the hardening temperature, and had 
therefore cooled at a fairly slow rate. In consequence, the speci- 
mens were in general not fully hardened, and therefore not 
really in a condition that could be accurately described as “* air- 
hardened.” It seemed important, therefore, to examine whether 
this method of cooling produced any difference in the subsequent 
dilatometric behaviour of the steel as compared with the same 
steel fully hardened. 

The first of these points has been investigated by examining 
two forms of material from the same cast. The previous experl- 
ments had all been carried out on round bars. From the same 
cast of steel flat bars of a section 24 inches by § inch were rolled. 
From these flat bars test-pieces of the same dimensions as used 
previously were cut in two directions—t.e. parallel to and per- 
pendicular to the length of the bar. These pairs of specimens 
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were treated and tested in similar ways, whilst a longitudinal 
specimen from the round bar previously used was also subjected 
to the same treatment. 

The dilatometric behaviour of the fully hardened steel has 
been examined in two ways. In the first set of tests the specimens 
were heated in a separate furnace to the specified temperature, 
and then removed and hardened in the still air. They were then 
trued up very lightly and carefully, and examined during various 
treatments in the dilatometer. In the second method the speci- 
mens were hardened whilst in the dilatometer by cooling at a 
much more rapid rate than that formerly employed. This in- 
creased speed of cooling was brought about by passing a stream 
of compressed air through the tube of the dilatometer until the 
temperature of the specimen had fallen to that of the atmosphere. 
In order to avoid the oxidation of the specimens by the compressed 
air, they were copper-plated before being put into the instrument. 
The layer of copper on the sides of the specimens combined with 
the protective effect of the silica discs at the two ends of the 
specimens prevented any oxidation of the surfaces and made 
the dilatometer records therefore quite reliable. Specimens 
prepared in these two ways were therefore suitable for sub- 
mission to the repeated tempering experiments that had been 
executed on the steels cooled slowly in the dilatometer, which 
formed the subject-matter of the former report. 

All the experiments were carried out in the dilatometer 
previously described. The steel used had the analysis already 
reported, a considerable proportion of the experiments being 
made on specimens cut from the bars previously employed, 
whilst the flat bars were rolled from the same cast of steel. Unless 
it is otherwise recorded, the rates of heating and cooling in the 
present series of experiments were the same as those previously 
reported. In all respects, in fact, the second and first series 
of tests were made under similar conditions, except where a 
difference is specifically notified. 

The actual experiments carried out to ascertain whether the 
longitudinal and lateral expansions of the steel were similar are 
described below. No such extensive tests as had been made 
originally appeared to be required in order to examine this point, 
and the tempering treatments were therefore only carried out at 


wets bers © 


OF STEELS DURING HEAT TREATMENT. O77 


two temperatures—200° C. and 600°C. The specimens employed 
and the treatments given comprised the following : 


A.F.L.—Longitudinal specimen from the flat bar, heated in a separate furnace 
to 830°C., hardened in air, then tempered in the dilatometer re- 
peatedly at 200°C. till no further change of length occurred. Five 
successive heatings were required (see Fig. 1). 

A.F.T,—Lateral specimen from the flat bar treated in the same way as A.F.L. 
Five successive temperings were required to produce a constant length 
(see Fig. 1). 

A.R.L.—Longitudinal specimen from the round bar treated in the same manner 
as A.F.L. Three successive temperings were required to produce 
a constant length (see Fig. 3). 

B.F.L.—Longitudinal specimen from the flat bar hardened like A.F.L. but 
tempered in the dilatometer repeatedly at 600°C. till no further 
change of length occurred. Four successive heatings were required 
(see Fig. 2). 

B.F.T.—Lateral specimen from the flat bar treated in the same way as B.F.L. 
Four successive temperings were required to produce a constant length 
(see Fig. 2). é 

B.R.L—Longitudina] specimen from the round bar treated in the same manner 
as B.F.L. Four successive temperings were required to produce a 
constant length (see Fig. 3). 


A comparison of the behaviour of the three specimens tempered 
at 200° G., or the set tempered at 600° C., as shown in Figs. 1, 2, 
and 8, reveals the fact that there is no noticeable difference in the 


behaviour of the longitudinal and transverse specimens. The 
contraction of the different kinds of specimens is quite similar, 
and it would be difficult, if not impossible, to pick out any notice- 
able variation in the habits of either type of test-piece. From 
these experiments (which have been confirmed by numerous 
others made during the course of the work) it may be concluded 
with safety that the rolled steel behaves isotropically, and that 
there is no appreciable directional effect in its expansion and 


978 AITCHISON AND WOODVINE: THE CHANGES OF VOLUME 


contraction. From this result it follows that the experiments 
described both here and previously may be taken accurately 
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to represent changes of volume, although the changes actually 
observed are only those of length. 

An extensive series of experiments have been carried out to 
provide the material for a comparison of the behaviour during 
tempering of the specimens cooled slowly in the dilatometer and | 
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those hardened in the air outside the instrument, and therefore 
cooled at the normal “ air-hardening”’ rate. The specimens 
chosen for these tests were all taken from the round bar employed 
for the first set of experiments. In every experiment the speci- 
mens were machined to size, plus a grinding allowance, and then 
were hardened in the air. They were afterwards carefully ground 
on the ends and cleaned on the sides before being put into the 
dilatometer for testing. The hardening of all the specimens was 
carried out similarly and simultaneously, and the temperature 
employed was 830° C. A complete series of temperings was 
made at each of the following temperatures—100°, 200°, 800°, 
400°, 500°, 600°, 700°, and 750°C. The method of testing was 
the same as for the first series of treatments, the specimens being 
tempered by successive ‘cycles of heating and cooling to the 
selected temperature until there was no further change in length. 

The specimens were not maintained at the tempering heat at 

all, but as soon as they had attained the specified temperature 

were allowed to cool again to the atmospheric temperature and 
then reheated if necessary. 

The results of the treatment given at the different tempera- 
tures are as follows : 

C.L.10.—Tempered at 100° C., achieved constant length after four reheatings, 
the final length showing a contraction of 3 scale divisions from the 
hardened state. 

C.L.20.—Tempered at 200° C., the length became constant after three reheatings, 
the final length showing a contraction of 10 scale divisions from the 
hardened state. 

C.L.30.—Tempered at 300° C., the length became constant after four reheatings, 
showing a final contraction of 14 scale divisions. 

C.L.40.—Tempered at 400° C., the length became constant after three reheatings, 
the final length showing a contraction of 10 scale divisions. 

C.L.50.—Tempered at 500° C., the length became constant after three reheatings, 
the final length showing a contraction of 20 scale divisions. 

C.L.60.—Tempered at 600° C., the length became constant after four reheatings, 
the final length showing a contraction of 10 scale divisions. 

C.L.70.—Tempered at 700° C., the length became constant after three reheatings, 
the final length showing a contraction of 5 scale divisions. 


C.L.75.—Tempered at 750° C., the length became constant after three reheatings, 
the final length showing a contraction of 2 scale divisions, 


The first heating and cooling curves of the above specimens 
to their respective temperatures are shown in Fig. 4, and these 
can be compared with the curves in Fig. 8 of the previous paper. 
In Fig. 5 is shown the volume at atmospheric temperature 
of the various specimens after once tempering at the different 
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temperatures plotted against the tempering temperature. This 
curve can be compared with the corresponding curve shown in 
Fig. 4 of the previous paper. 


One specimen, G.L.1, was treated by hardening in the dilato- 
meter, being cooled from 830° C. in fifteen minutes. This speci- 
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men was then tempered at 600° C. until it attained to a constant 
length. This occurred after three heatings and coolings, and the 
net change of length was a contraction of 18 scale divisions. 
This is quite in accordance with the changes produced in the 
corresponding specimens hardened in air outside the dilatometer 
and then tempered in the instrument. 

It is interesting to compare the net changes of volume brought 
about by the tempering of the specimens cooled in air herein 
reported and those cooled slowly in the dilatometer as reported 
in 1922. The necessary values are shown in Table I. 


TABLE [. 
Tonpednr Net Change of Length, Scale Divisions. 
Temperature. 
0. Air Cooled. Dilatometer Cooled. 
100 — 3 — 5 
200 — 10 — 6 
300 —14 — 15 
400 — 10 — 15 
500 — 20 — 16 
600 — 10 —15 
700 — 56 aa 
750 — 2 


It is evident from the figures given in Table I. that but little 
difference is produced in the final behaviour of the specimens by 
the two treatments employed previous to the repeated temperings. 
The main difference is found in the route-by which the specimen 
arrives at this final volume. In the specimens slowly cooled and 
tempered at the lower temperatures there is an expansion in the 
early stages of tempering which is not evident in the behaviour 
of the fully air-hardened specimens. 

The third subject that was examined was the effect of cooling 
the steel from different temperatures. The experiments were 
varied in a good many respects in order to determine the effect of 
the various factors. The variants were the maximum tempera- 
ture employed, the period of soaking at this temperature, and 
the rate of cooling therefrom. The temperatures varied between 
830° and 950° C., the period of soaking between nothing and two 
hours, and the time of cooling from the maximum temperature 
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between fifteen minutes and six hours. It is recognised that in 
the rapid cooling there is probably some small hysteresis between 
the volume records and the temperature readings. This is not 
likely to affect anything on the curves except the apparent tem- 
peratures at which the critical volume changes occur, and certainly 
not to affect the magnitude of the volume changes in any way. 

The first series of curves was obtained by cooling specimens 
at the ordinary cooling speed of the dilatometer from the 
various temperatures chosen without any soaking at the high 
temperatures. All the specimens were hardened in the air from 
880° C. before being introduced into the dilatometer. The 
temperatures at which the specimens were treated were respec- 
tively 830°, 850°, 900°, and 950° C. The curves obtained in 
these treatments are shown in Fig. 6. The curves show that the 
effect of simply heating to and cooling from different temperatures 
is not greatly affected by the temperature actually chosen. The 
temperatures at which the critical changes occur are the same 
whatever the maximum temperature to which the steel was 
heated. There is a slight increase in expansion in the specimens 
heated to the higher temperatures, but this again is not very 
marked. 

The next series to be considered is that of specimens treated 
at 850° C., but cooled at different speeds and previously soaked 
for different periods. The series comprises the following speci- 
mens, all of them having been hardened in the air from 880° C. 
before insertion in the dilatometer : 


D.L.1.—Heated to 850° C. in the dilatometer, not soaked, and cooled slowly. 

D.L.2.—Heated to 850° C. in the dilatometer, soaked for one hour, and cooled 
slowly. 

D.L.3.—Heated to 850° C. in the dilatometer, not soaked, and cooled in fifteen 
minutes. 

D.L.4.—Heated to 850° C. in the dilatometer, soaked for one hour, and then cooled 
in fifteen minutes. 

D.L.5.—Heated to 850°C. in the dilatometer, soaked for two hours, and cooled 
in fifteen minutes. 

D.L.6.—Heated to 850°C. in the dilatometer, not soaked, and cooled in thirty 
minutes. 


The curves illustrating the heating and cooling of all these 
series of specimens are shown collectively in Fig. 7. The curves 
indicate that differences in the period of soaking have a distinct 
effect upon the subsequent expansion of the material. When 
the steels are not soaked, and particularly when they are cooled 
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slowly after no soaking, there is an expansion at the critical tem- 
perature to a volume even larger than that of the air-hardened 


Fig. 6. 


material. When the material is soaked there is no such expan- 
sion, and the volume of the steel on cooling after such soaking 1s 
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generally less than that of the specimen cooled in the air. The 
effect is rather striking. 

The experiments corresponding with those shown in Fig. 7, but 
made by heating to other temperatures, comprised the following : 


E.L.1.—Heated to 900° C. in the dilatometer, not soaked, and cooled slowly. 

B.L.2.—Heated to 900° CG. in the dilatometer, soaked for one hour, and cooled 

E.L.3. ee 900° C. in the dilatometer, soaked for one hour, and cooled in 
fifteen minutes. 

F.L.1.—Heated to 950° C. in the dilatometer, not soaked, and cooled slowly. 

F.L.2.—Heated to 950° CO. in the dilatometer, soaked for one hour, and cooled 

betes to 950° C. in the dilatometer, soaked for one hour, and cooled in 
fifteen minutes. 

The curves obtained from the specimens heated to and cooled 
from 900° C. are shown in Fig. 8, whilst those obtained at 950° C. 
are shown in Fig. 9. The curves show that the steels when soaked 
for any prolonged period at the high temperatures employed for 
heating do not expand so much at the critical temperatures as 
when they are cooled at once. This applies both to the specimens 
heated to 900° C. and those heated to 950° C.: whereas those 
cooled at once occupy a volume after reheating that is greater 
than the specimens hardened in the air from 830° C., those soaked 
show a smaller volume. This applies to those that have cooled 
quickly and those that have cooled slowly. ‘The effect is slightly 
more marked at 950° than at 900°C., the latter temperature 
approximating rather more in its effect to that of 850° C. 

On these specimens treated for different periods at various 
temperatures and cooled at different speeds, tempering tests 
have also been made. The experiments have all been carried 
out at 600°C., the specimens being reheated successively until 
the length became constant. The results of the tests on the 


specimens heated to 850° C. are shown in Table II. 


TaBie II. 
Soaking Time. Cooling Time. Number of Change of Length. 
Minutes. Minutes. Reheatings. Scale Divisions, 

nil 360 3 — 12 

60 360 1 nil 
nil 15 3 — 9 

60 15 3 — 5 
120 15 i nil 
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It would appear from the results in Table II. that if the 
specimen has soaked at the high temperature for a prolonged 
period the resulting article is not very prone to any subsequent 
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change of length on tempering. If the cooling after soaking is 
very rapid there may be a change of volume on tempering, but if 
the soaking has been long enough the effect of the rapid cooling is 
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- counteracted. Both soaking and slow cooling reduce the subse- 


quent volume change on tempering, and the soaking appears to be 
able to neutralise in a measure the rapid cooling. The absence of 
soaking is not, however, compensated for entirely by slow cooling. 

The corresponding effects of tempering those specimens that 
were variously treated at 900° C. and 950° C. are given in 
Tables IIT. and IV. respectively. 


TaBLeE III. 
Soaking Time. | Cooling Time. Number of Change of Length. 
Minutes. Minutes, Reheatings. Scale Divisions. 
5 | 
nil | 360 2 —12 
60 360 1 nil 
60 | 15 1 nil 
TABLE IV. 
Soaking Time. Cooling Time. Number of Change of Length. 
Minutes. Minutes. Reheatings. Scale Divisions. 
nil 360 2 — 10 
60 360 i nil 
60 | 15 1 nil 


It would appear from these tests that heating to temperatures 
above 850° C. has an effect similar to that of increasing the period 
of soaking at the lower temperature. This result might reasonably 
be expected. 

The principal conclusions that can be drawn from these 
experiments (apart from the previously mentioned conclusion 
that the longitudinal and lateral expansion are the same) appear 
to be connected with the formation and stability of austenite 
and the considerable sluggishness of the formation of sorbite. 
The fact that the exposure of the steel to higher temperatures, 
and particularly when the exposure is prolonged, produces a 
state of the metal which expands less on cooling either quickly 
or slowly, is probably associated with the production of a 
thoroughly stable austenite—or it may be that only such a treat- 
ment produces austenite completely. The austenite produced 


288 AITCHISON AND WOODVINE: CHANGES OF VOLUME OF STEELS. 


under these conditions is more stable and appears to change e« 
to martensite rather reluctantly (hence the smaller expansion). 

The low-temperature heatings undoubtedly cause, first of all, 
a more complete martensite change—causing therefore an initial 
expansion ; and then the gradual breakdown of the martensite 
by the agglomeration of the carbides that are thrown out of 
solution produces a contraction. This is the main and final 
result of the tempering. The heating to lower temperatures, of 
course, does not produce the same degree of contraction as temper- 
ing at 600° C. This is found to be true of all the experiments, 
some of which are not reported herein. It is noted that the 
specimens cooled slowly in the dilatometer and then reheated 
to low temperatures expand and finally contract. Those cooled 
in the air and then tempered, however, contract from the start, 
and finally arrive at the same volume as those slowly cooled. No 
explanation of this difference, which is thoroughly well authenti- 
cated by numerous experiments, can be suggested. 

The apparent stability of the specimens soaked at high tem- 
peratures and then tempered at 600° C. is partly due to the high 
tempering temperature. The small contraction of the specimens 
hardened in air and then tempered at 700° or 750° C. suggests 
that the Ac point in these steels starts at a low temperature and 
is well spread out. 

It appears fairly certain that air-hardening nickel-chromium 
steels as ordinarily heat-treated are by no means in a stable 
volume condition. By hardening from a high temperature and 
soaking well greater stability can be introduced, but, after ordi- 
nary hardening, the tempering must be extended for a long time 
in order to produce complete stability of dimensions. 
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CORRESPONDENCE. 


apeoWle, W. T. Grirriras (Woolwich) wrote that he was greatly 
interested in the paper of Dr. Aitchison and Mr. Woodvine, as he had 
had occasion to take a considerable number of dilatation curves on 
nickel-chromium and other special steels, using a dilatometer similar 
to that employed by the authors. One difficulty he had experienced 


NO/LVLY7/C 


0°C 700 200 300 
Fie. A. 


was due to the fact that the silica tubes conveying the change of length 
of the specimen to the diaphragm did not expand and contract regularly 
on heating and cooling, but exhibited abnormalities similar to those 
shown by steel. The attached figure showed one curve obtained on 
cooling from 320° C. when the usual steel specimen was replaced by a 
2-inch length of opaque silica tubing similar to that used in the dilato- 
meter. The distance XY was approximately equivalent to 0-001 inch. 
The changes shown were of course larger than would be visible on a 
curve taken with a steel specimen in the furnace, as they would then 
be spread out very much, owing to various parts of the long silica 
tubes reaching the change-point temperatures at differing times. The 
disturbing feature of those silica changes was that they did not appear 
to repeat themselves to the same extent on heating and cooling curves 
and after differing treatments, and he had been unable to make any 
suitable allowance for them on his curves. The authors attached no 
scale to their curves, so that no idea could be gained of how those 
would be affected by changes of the above order, and he would be 
interested to hear whether it had been found necessary to take any 
account of the transformations in the silica. It might be of interest 
to repeat that the difficulties had been overcome to some extent by 
using tubes of fused transparent silica in which the changes were 
visible to a much less extent. 
1924—ii. U 
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Mr. Griffiths also wished to have some further information con- 
cerning curves (.L. 70 and C.L. 75 in Fig. 4, p. 280. In Figs. 6 to 9 the 
authors showed a number of heating curves on each of which the 
pronounced contraction usual at the Ac point was visible, and from 
their previous paper it could be ascertained that the contraction 
started at 685° C. and ended at 745° C. Yet curves C.L. 70 and C.L. 75 
showed no sign of this contraction on heating. Similar remarks applied 
to the absence of the Ar” expansion on cooling. The condition of the 
steel, namely, air-hardened from 830°, was the same as that before 
several of the curves in Figs. 6 to 9, and some explanation would appear 
necessary as to why the transformations took place in the one case 
and not in the other. Further, the deduction drawn on p. 288 from 
curves C.L. 70 and C.L. 75 that “‘the small contraction of the 
specimens hardened in air and then tempered at 700° and 750° CO. 
suggests that the Ac point starts at a low temperature and is well 
spread out in these steels,” would seem to be unnecessary in view 
of the curves in figures 6 to 9. 

On p. 288 the authors stated that the initial expansion that they 
obtained on low-temperature heating was due to a “‘ more complete 
martensite change,’ presumably from austenite to martensite. That, 
however, did not appear to agree with the fact that specimens more 
rapidly cooled (in air) did not show this initial expansion. One would 
expect a greater quantity of austenite in the more quickly cooled 
specimens. 

Finally, it was suggested that the value of the paper would be greatly 
enhanced if the hardnesses of the steels before and after the various 
treatments could be added. It would then be possible to form some 
idea as to the nature and extent of the effects produced by the treatments. 


Dr. Arrcuison and Mr. Woopvine wrote in reply to Mr. W. G. 
Griffiths that the matter of the expansion of the silica tubes had been 
considered carefully throughout, and some results similar to those 
reported by Mr. Griffiths were obtained. It was found, nevertheless, 
that the behaviour of the silica tube was sufficiently regular to allow 
of a correction being made on the dilatometric records produced by 
the various steels tested. That correction had been made on the 
various curves. 

The other points mentioned by Mr. Griffiths had been noticed by 
the authors, who were just as much puzzled by them as Mr. Griffiths 
himself, If the necessary time had been available, the matter would 
have been investigated thoroughly, but the pressure of other work 
compelled the authors to draw the present series of experiments to a 
close, and therefore deprived them of the opportunity of investigating 
such points as Mr. Griffiths has raised. The same remarks applied to 
the Brinell hardness determinations, some of which were made and 
some of which were left incomplete, so that it was impossible to include 
an account of those determinations in the paper. 


Se eae 
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THE EFFECT OF CHANGES IN TOTAL CARBON 
AND IN THE CONDITION OF CARBIDES ON 
THE SPECIFIC RESISTANCE AND ON SOME 
MAGNETIC PROPERTIES OF STEEL. 


By Prorzssor EH. D. CAMPBELL anp G. W. WHITNEY 
(Ann Arzor, Mricu., U.S.A.). 


Tuat hardened steel is a solid solution was clearly recognised by 
A. Mathiessen1 That the atomic relations existing between 
solute and solvent are essentially the same in solid as in liquid 
solution has become increasingly apparent during the past twenty- 
five or thirty years. It isnow generally recognised that since steel 
is a solution, most of its physical properties will depend primarily 
on the composition and concentration of the dissolved solutes. 
While carbides are pre-eminently the characteristic solutes in steel, 
the composition of the carbides will depend not only on the total 
carbon, but also on the composition and concentration of such 
elements other than iron as may be present. In order to deter- 
mine with accuracy the effect of changes in the total carbon content 
of steel on certain physical properties, such as electrical, thermal, 
or magnetic, it is necessary to have steel in which the ratio of all 
elements other than carbon is kept constant, while the carbon 
alone is varied. It is not possible from commercially produced 
steel to select sets of bars which differ from each other only in 
carbon content, and therefore it became necessary to devise 
a laboratory method by which such bars could be made for 
research work. 

The objects of the present paper are: (1) To outline a method 
for preparing, on a laboratory scale, small steel bars differing 
only in carbon content and—to a negligible extent—in sulphur, 
and (2) to give the results of measurements of specific resistance 
and some magnetic measurements on annealed and oil-hardened 
bars. 

The only series of pure iron-carbon alloys so far described in 


1 British Association for the Advancement of Science, 1863, p. 37. 
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the literature is the one prepared by the Bureau of Standards, 
Washington, D.C. A full description of this, and of a series 
of iron-carbon-manganese alloys prepared at the same time, is 
given in Scientific Papers, Nos. 458, 463, and 464 of that Bureau. 
These two remarkably complete series were prepared in 3-lb. lots, 
by melting electrolytic iron in a vacuum furnace in magnesia 
crucibles. After fusion of the iron, carbon was added, and when 
desired, manganese. 

When carbon is the only element other than iron, it is com- 
paratively simple to make a series such as that made at the 
Bureau of Standards. However, when the alloy is to contain 
one or more elements in addition to iron and carbon, it has not 
been practicable heretofore to produce alloys in which the carbon 
content can be varied while the ratio of all other elements to the 
solvent iron remains constant. While in the best practice heats 
of steel are repeatedly produced in which the elements other than 
carbon may be kept within a variation of about 0:05 per cent. 
from the point aimed at, such uniformity is not practicable when 
the carbon content is varied widely, so that bars differmg only in 
carbon content are not available to those engaged in research 
work on the constitution of steel. 

It was in order to have small bars differmg only in carbon 
content for research purposes that a method for making such 
bars has been developed. In all the research work on the con- 
stitution of steel carried on in this laboratory during the past 
thirty years, the essential unity of atomic relation between solute 
and solvent in steel with that of ordinary aqueous solution, has 
always been kept im mind and has formed the basis for systematic 
experimental work. The “Force Field Dissociation Theory 
of Solution ’’1 was the logical result of the recognition of steel 
as a solution in the strict sense of the word. 

This theory was formulated in order to give a rational explana- 
tion for chemical reaction and reactivities in any solution, whether 
liquid, solid, or gaseous, and is applicable to either metallic 
solutions or to those in which the solvent is a non-conductor of 
electricity. 


1 Transactions of the Faraday Society, 1921, vol. 16, Part 3, p. 554. 
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Materiats Usep. 


Since no adequate supply of electrolytic iron was available, 
the next best material was Armco iron, which was furnished by 
the American Rolling Mills Company in the shape of } inch thick 
pieces all cut from an 8-inch wide plate which had been rolled 
from a billet representing the lower third of an ingot. This iron 
is designated ““IN5.” The source of the chromium steels was 
a stock of 1} in. xX 3 in. bars of chromium magnet steel furnished 
by the Penn Seaboard-Steel Corporation and designated ‘ T53.” 
From the steel after annealing, and from the ingot iron, small 
bars were machined out, these bars being 6 millimetres square, 
and of such length that short pieces could be cut off at the ends 
and leave the finished bars 15 centimetres long. These short 
pieces were useful in making microscopic examinations in order to 
examine for homogeneity of cross-section. The chemical com- 
position of these base metals is given in Table I. The weight per 
cent. is given in the upper half and the atomic concentration in 
milatoms per cubic centimetre in the lower half of the table. 


TaBLE I.—Analysis of Materials. 


Bar. Om aie Mins Pe 8. Si. Cr. Ni. Cu. Fe. 


INS (wt. %) -| 0-015] 0-024) 0-005 | 0-023 |trace | ... | ... | 0-042 | 99 89 | 
|T53(,, .,) | 0-85 | 0-24 | 0-027 | 0-035 | 0-25 | 2-23 | 0-12 | 0-084 | 96-16 | 
INS (at. conc.)| 0-10 | 0-03 | 0-013 | 0-056] ... | ... | ... | 0-05 {139-85 | 

5-56 | 0-34 | 0-068 | 0-086 | 0-64 | 3-37 | 0-16 | 0-10 [134-62 


T53(,, 5, ) 


PREPARATION OF SPECIMEN Bars. 


The three principles involved in the preparation of the specimen 
bars were: (1) Carburisation with suitable carburising mixture 
under controlled time and temperature ; (2) decarburisation with 
moist hydrogen at 950° C.; (8) establishment of an equilibrium 
in carbide concentrations by holding in dry H, at 950° C. two 
steels differing widely in carbon content. 

Carburisation.—Carburisation by heating iron with wood 
charcoal, animal charcoal, or other organic material, has been 
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practised for centuries, having formed the basis of the old cemen- 
tation process for making steel, and is still very extensively 
practised in case-hardening. In this process the carburisation is 
largely effected through the action of gaseous carbon compounds. 
The carburising mixture used in the present work consisted of 
50 per cent. wood charcoal, 25 per cent. animal charcoal, and 25 
per cent. barium carbonate. About 6 kilos of such a mixture 
was placed in a porcelain-lined ball mill and ground for two hours 
in order to ensure fineness and homogeneity of the mixture. 

From twenty to twenty-two small bars were wired together 
with soft iron wire, one near each end of the bars, in such a way 
that the bars were held parallel and about 5 or 6 millimetres 
apart, thus forming a sort of grid. This grid was then rolled 
into a cylinder which could be placed in a cylindrical carburising 
pot, leaving about a centimetre clearance between the grid and 
the inside of the pot. This pot was made of high-temperature 
resistant alloy and was 23 centimetres high by 10 centimetres 
outside diameter, with walls 1 centimetre thick. It was lined with 
one layer of sheet iron against the side and bottom, and provided 
with a cover made of the same material, having a hole through 
which a closed porcelain tube may be inserted to the bottom of the 
pot. ‘This permits the insertion of a platinum-platinum-rhodium 
thermocouple, by means of which the temperature is measured. 
The porcelain tube is long enough to reach to the outside air, thus 
ensuring an oxidising atmosphere immediately around the couple, 
although the bead is far enough down to measure accurately the 
temperature at a point 7 or 8 centimetres from the bottom of the 
pot. In preparing for carburisation, a layer of carburising mixture 
is first poured in and the cylindrical grid of bars inserted, care being 
taken to see that the grid is centred in order to ensure uniformity 
of temperature for all the bars. The porcelain tube is then set 
in place and the pot filled with carburising mixture, taking care 
to see that the mixture is uniformly packed. When the whole 
has been packed, about 500 grammes of the carburising mixture 
being required, the cover is placed on and luted with a finely 
ground mixture of four parts silica and one part clay. The pot 
used for carburising can be used equally well for slow annealing 
of steel by merely substituting pure finely ground and ignited 
alumina for the carburising mixture in packing. 
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The furnace used for carburising has a heating unit consisting 
of an electrically wound alundum cylinder 15 centimetres inside 
diameter and 30 centimetres high, thus giving a clear heating 
chamber of these dimensions. This heating unit is thoroughly 
insulated from radiation losses, and the furnace is so designed 
as to facilitate repairs when the heating coils burn out. This 
furnace has been in use with only slight changes for more than 
ten years, having been found very convenient, as if can be changed 
over in a few minutes from one for carburising or annealing into 
one for heating bars for hardening. 

When the pot containing the bars to be carburised had been 
luted, it was placed in the heating chamber on three small pieces 
of porcelain, in order to raise it a few millimetres from the bottom, 
care being taken to centre the pot in the cylindrical heating 
chamber. ‘The space in the heating chamber around and above 
the pot was then filled by pouring in coke screenings, the upper 
portion of the coke being mixed with spent carburiser from a 
previous charge. When the heating chamber had been thus 
filled, asbestos paper was laid over the coke and followed by two 
pieces of sheet iron notched to permit the porcelain tube to pro- 
ject through. Another layer of asbestos paper was laid on top 
of the sheet iron and was held down with a couple of bricks. 
The thermocouple was then inserted in the slightly projecting 
tube and the current turned on. With a little experience, the 
voltage necessary to bring the furnace to a desired temperature 
can be determined, and the temperature will be reached in about 
eighteen to twenty hours. When the carburisation had continued 
for any desired length of time, usually from one to three days, 
the. switch was opened and the furnace allowed to cool. Some 
carburisations were carried on at as high as 1000° C., and in some 
cases the current was reduced so as to bring the temperature to 
about 840° C. and held at that temperature for one or two days, 
to allow time for diffusion of carbides without greatly increased 
carburisation before the switch was opened and the furnace 
allowed to cool to room temperature. Before pulling the switch, 
the covering of the furnace was slightly raised, so that a layer of 
crushed charcoal or carburising mixture could be placed on the 
surface of the partially burned coke. When the temperature 
of this charcoal has reached that of the furnace, enough reducing 
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gases will have been produced to ensure a strong reducing 
atmosphere during cooling. The switch is then opened and the 
furnace allowed to cool to room temperature. By these means 
the bars received what in this paper is termed a “ slow anneal,’ 
as more than three hours are required for the temperature to fall 
through the first 200°, and the temperature will be above 100° C. 
after twenty-four hours’ standing. 

Before wiring together the small bars to form a grid, all 
bars were carefully smoothed, stamped, and numbered for identi- 
fication, and washed with ether to remove traces of oil, dried, 
and accurately weighed to the nearest milligramme. After the 
carburisation had been completed and the furnace cooled to room 
temperature, the bars were removed. The wires of the grid were 
then cut, the bars separated and thoroughly washed with water— 
rubbing with a cloth until clean—and then washed with alcohol 
followed by ether, dried and weighed to determine the gain in 
weight due to absorption of carbon. When an experiment has 
been conducted as above described, the bars will show no change 
in appearance, except the change from the white colour of ingot 
iron to the characteristic colour of high-carbon steel. Analysis 
of these bars for sulphur and phosphorus showed absolutely no 
gain in either of these elements over that originally present in the 
bars. The results of the carburisation of a single set of twenty 
bars of “ IN5 ” form a typical example of the uniformity in carbon 
content which may be expected from this method of carburisation. 
The percentage gains in weight of these twenty bars were as 
follows: 1-301, 1-294, 1-290, 1-290, 1-281, 1-279, 1-290, 1-818, 
1-297, 1-285, 1-288, 1-293, 1-802, 1-300, 1-302, 1-297, 1-278, 
Hola le2O lke 1. 

The average of these is 1 -290 per cent., to which would have to 
be added 0-015 per cent., the original carbon content of the iron 
before carburisation. It will be noted that the maximum de- 
viation of the highest and lowest bars is + 0-028 per cent. from 
the average of all twenty. 

The certificate of the Bureau of Standards, giving the analysis 
of electric steel, Standard Sample No. 51, gives the average 
carbon as 1-29 per cent. Twelve chemists co-operated. The 
results of the twelve individual reports, in the order given on the 
certificate, are as follows : 1-28, 1-28,1-82, 1-29, 1-28, 1-26,1-30, 
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1-30, 1-27, 1-80, es 1-98; average, 1-29 por cent. It will 
be noted that the maximum deviation of the highest and lowest 
values reported is 0-08 per cent. from the general average. 
Decarburisation—The principle involved in the preparation 
of decarburised bars is that first described by one of the authors 
five years ago, in an article on the decarburisation of steel with 
hydrogen. In the present work the decarburised bars were 
prepared in the same furnace and under essentially the same 
conditions as those described in detail in an article dealing with 
decarburisation, submitted to the Institute a year ago.2 The 
following method was the one used in the preparation of decar- 
burised bars. ‘The necessary number of small bars were stamped, 
cleaned, and accurately weighed, after which they were formed 
into a bundle by binding together with fine pure iron wire. In 
making up the bundle care was taken that all bars were separated 
from one another by at least the diameter of the wire used to bind 
them together. Usually about thirteen 6-millimetre square bars 
were treated at the same time. The bundle of bars was inserted 
to the centre of the reaction chamber, and heated at 950° C. to 
960° C. in a stream of moist hydrogen for seven days. At the end 
of this time pure dry hydrogen was substituted for the moist and 
allowed to flow until it was judged all water had been removed, 
after which the outlet stop-cock of the reaction tube was closed, 
the current cut off, and the furnace allowed to cool over-night with 
a slight plus pressure of hydrogen in the tube. The bars, when 
removed from the furnace, should be perfectly free from any signs 
of oxidation. This will be the case if all moisture had been re- 
moved by the dry hydrogen before allowing the furnace to cool. 
Small amounts of moisture remaining will react with the bars 
when the furnace is cooling, causing more or less discoloration at 
the ends of the bars. The extent of the decarburisation may be 
computed by the loss of weight of the bars, but the actual per- 
centage of carbon remaining should be checked by combustion on 
cuttings from one of the bars. In the decarburisation there is a 
loss of part of the sulphur originally present in the bars, this loss 


1 E. D. Campbell, Journal of the Iron and Steel Institute, 1919, No. IL. p. 407. 

2 EB. D. Campbell, “‘ The Relative Efficiency of Dry and Moist Hydrogen on 
the Decarburisation of Steel at 950° C.,” Journal of the Iron and Steel Institute, 
1923, No. II: p. 179. 
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amounting in many cases to three-fourths of the total sulphur 
present. Of the elements usually reported in steel, carbon and 
sulphur alone are removed by the action of either moist or dry 
hydrogen. 

Equilibrium in Dry Hydrogen.—The principle involved in this 
method is that if two solutions differmg widely in carbon con- 
centration are held in a still atmosphere of pure dry hydrogen at 
a temperature of about 950° C.—that is, well above the C3 point 
of pure iron—hydrogen will tend to combine with carbon of the 
dissociated carbides, removing it in the form of hydrocarbons. 
These compounds coming into contact with the solution of low- 
carbon concentration, will react, the hydrocarbons giving up their 
carbon with liberation of hydrogen. There are thus two reversible 
reactions, and theoretically there should be an equilibrium estab- 
lished between the carbide concentrations of the two solid solu- 
tions and the hydrocarbon concentration in the gas. Since the 
reaction between gaseous hydrocarbons takes place at the surface 
of the low-carbon solution, and since the solutions are solid, time 
will be required for the resulting solution to become homogeneous 
throughout the entire cross-section, as diffusion in such solid 
solutions must necessarily proceed much more slowly than in 
liquid solutions. Ina previous paper? dealing with this iron-iron 
carbide equilibrium, it was shown that equilibrium was almost 
established after five days, a cross-section of a 6-millimetre square 
bar showing a small area of only about 1 millimetre in diameter 
in which the carbides were not quite so uniformly diffused as they 
were in the remaining 97 per cent. of the bar. Holding for seven 
days ensures complete uniformity in distribution of carbides, 
and in all the work reported in this paper this time was adopted 
as the one at which bars were held before cooling down to 
room temperature. In setting up an equilibrium experiment, the 
desired number of bars of each of the two steels, after cleaning 
and accurately weighing, were made into a bundle in the same way 
as was done for decarburisation with hydrogen. Care was taken 
to distribute the two sets of bars as symmetrically as practicable 
in the bundle in such a way as to facilitate uniformity of dis- 
tribution of the carbides. The bundle of bars was inserted in 


1 “ The Iron-Iron Carbide Equilibrium in Dry Hydrogen at 950° C.,” Journal 
of the Iron and Steel Institute, 1923, No. II. p. 1738, 
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the centre of the reaction chamber of the same furnace ag that 
used for decarburising with moist hydrogen and for the iron-iron 
carbide equilibrium to which reference has already been made. 
The temperature of the furnace was kept constant at 950° to 
960° C. for seven days, after which the furnace was allowed to cool, 
so that the bars removed from the furnace were annealed. If 
the current were cut off entirely the drop in temperature for the 
first 200° required about one hour, and the furnace would be 
down to room temperature by morning if the cooling were begun 
late the previous afternoon. 

In this paper, annealing under these conditions is termed 
“medium” annealing. In some cases “‘ very slow” annealing 
was desired. In such cases the heating current was reduced, so 
that the temperature would fall gradually during twenty-four 
hours from 950° C. to 750° C., after which the current was further 
reduced, so that about six hours were required to pass from 
750° C. to 670° C., when the current was cut off and the furnace 
allowed to cool over-night. 

The loss of carbon of the high-carbon bars was computed 
from the loss in weight of each bar, and the increase in carbon 
of the low-carbon bars computed from their percentage increase 
in weight. 

The data obtained from two typical equilibrium experiments 
show the results that can be expected from the method. 

Five of the twenty carburised bars of ‘“ IN5,” given under 
the description of carburisation, were made into a bundle with 
eight ‘“‘IN5”’ original bars. After the conclusion of the equili- 
brium experiment, the carbon content of the five bars, computed 
by subtracting the percentage loss of weight of each bar from its 
carbon content, gave the following values: 0-600 per cent., 
0-601 per cent., 0-597 per cent., 0-600 per cent., and 0-602 per cent. 
The percentage gain in weight of four IN5 bars nearest to the high- 
carbon bars was 0-449 per cent., 0-454 per cent., 0-450 per cent., 
0-451 per cent. The percentage gains of the four IN5 bars on 
the outer part of the bundle were 0-414 per cent., 0-418 per cent., 
0-417 per cent., 0-412 per cent. The net loss of carbon computed 
by deducting the gain of weight of the low-carbon from the loss in 
weight of the high-carbon bars was 0-013 per cent. of the total 
weight of bars. 
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Tn another equilibrium experiment four bars of 153 were made 
into a bundle with nine bars of IN5. At the conclusion of the 
experiment the carbon content of the four T53 bars, computed, by 
deducting their percentage loss in weight from the original carbon 
content, gave 0-385 per cent., 0-348 per cent., 0-354 per cent., 
and 0-353 per cent. The carbon contents of the nine IN5 bars, 
computed by adding the percentage gains to the original carbon 
content of 0-015 per cent., were as follows: 0-228 per cent., 
0-229 per cent., 0-226 per cent., 0-229 per cent., 0-227 per cent., 
0-227 per cent., 0-227 per cent., 0-230 per cent., 0-229 per cent. 
There was no appreciable loss of carbon in this experiment. 

By utilising the three reactions—carburisation, decarburisa- 
tion, and equilibrium—enough bars were prepared, so that two 
sets of ten derivatives of IN5 and two sets of seven derivatives 
from T58 were selected for measurement of properties. One set 
of each was used in the annealed condition as prepared, and the 
other two were hardened by quenching from 900° C. in oil. The 
method of heating the bars prior to quenching was the same as 
that used in this laboratory for similar purposes for several 
years past. Oil was substituted for water, in order to study 
the effect of a less drastic quenching. It was found when oil 
was used the time required for a bar to lose its red colour after 
immersion was increased from about one second, in the case of 
water quenching, to three or four seconds in case oil was used. 
Since in each series of derivatives the carbon alone is varied 
from that in the base metal, only the carbon in weight percentage 
and atomic concentration in milatoms per cubic centimetre will 
be given for the two sets of derivatives in tabulation of specific 
resistance measurements. 

Specific Resistance—Measurements of specific resistance were 
made with the bars immersed in an oil-bath which was maintained 
at 25° C. with a variation of less than 0-01°. The fall in potential 
over knife-edges 10 centimetres apart was measured by means 
of a Leeds and Northrup precision potentiometer, and the milliam- 
meter readings were checked by measuring the fall in potential 
over a standard 0-001 ohm resistance, certified by the Bureau of 
Standards. The cross-section of each bar was obtained by making 
ten measurements in each direction by means of a precision 
micrometer. ‘The mean of the ten measurements in each direction 
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was used to compute the cross-sections. The results of the 
specific resistance measurements are given in Table II. In this 
table are given the weight percentage and atomic concentration 
of carbon, the rate of annealing, the specific resistance of annealed 
and hardened bars, and the increase due to hardening. 


Taste Il.—Specific Resistance. 


Carbon. Specific Resistance. 
Bar | feats ot | ————— ers 
| | Annealing. | | 
Beato foals 2 | Annealed. | Hardened. | eee tol 
| | Hardening. | 
| Sete 
IN5, No. 1 0 0 | Veryslow | 10-48 | 10-63 | - 0-15 | 
ee nee ee era Ob 7, Medium | 10-93 10:99 | 0-06 | 
se eS a i Is a 11-35-1158" )— 0-23. | 
By Ae 0-45 3-0 “3 12-12 14:46 | 2-34 
Hea Se ae 0-60 3-9 = 12-66 19-19 6:53 
asso OSs 5-4 i 13-54 24-99 11-45 
se we 0-97 6-3 a 14-00 29-19 15-19 
ee Peat 1:02 6-7 Slow 14:80 34-04 19-24 
a ing @ 1-19 7:8 Medium 15-52 38-81 23°29 
Sst LO) 1-30 8-5 Slow 16-16 37°37 21-21 
T53, No. 1 0:04 | 0-24 Very slow 29-19 30-04 0:85 
uy eee 3) 0-36 2-4 Medium 26-21 34-12 (ct) 
neh) BR ae] 0-50 3-3 Fr 25-03 38-12 13-09 | 
ee 0-85 5:6 Slow 23°79 43-81 24-12 
ees 1-05 6-9 Medium 25-99 48-9] 22-92 
A Reraeee ( 1-43 9-4 - 27-03 50-31 23-28 
plete 1:62 | 10-6 Slow 27-72 52-09 24-37 


Open Pole Magnetic Measurements——There are some reasons 
why it seemed desirable to make some magnetic measurements 
on bars with entirely open poles, instead of with a closed magnetic 
circuit, as is usually done. It was realised that results obtained 
with open poles must be considered as relative only. If such 
comparative measurements are made on bars of the same length 
and cross-section, the results may indicate some of the factors 
influencing magnetic properties more clearly and convincingly 
than when magnetic tests are made in the usual manner. It has 
been well known for many years that a bar of pure iron with open 
poles loses practically all its magnetism when any magnetising 
field to which it may have been subjected is cut off. In order 
to have a permanent magnet it is essential that there be a certain 
concentration of carbides in solution in the iron. In one of the 
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author’s papers on the force field dissociation theory of solution 
already referred to, the hypothesis was suggested that permanent 
magnetism is due to the serial alignment of the electro-magnetic 
force fields of carbides or other solutes in solution. In a later 
paper submitted to this Institute! the hypothesis was advanced 
that carbides possess a definite magneto-motive potential which 
is dependent on the chemical constitution of the carbides, but is 
independent of the size of the particles in a manner analogous 
to the electro-motive potential of a cell which also is dependent 
on the chemical composition but is independent of the size. The 
hypothesis was algo advanced that the open force fields of carbides 
which, as has been known for some time, cause electrical resist- 
ance, can be the cause of magnetic resistance as well. Since the 
force fields of silicides in solution will produce electrical resistance 
in a manner similar to that caused by carbides, and yet since 
silicon steels retain almost no permanent magnetism and possess 
very low magnetic resistance, one is strongly inclined to think 
that it is something in the structure of the carbon atom that is 
responsible for both magneto-motive potential and magnetic 
resistance. If, therefore, carbides are the dominant factor in 
determining magnetic properties, measurements of these proper- 
ties on steels differing from each other only in carbon concentration 


might be expected to add something to our knowledge of the 


mechanism of magnetism. 


Apparatus Usep In Magnetic Trstina. 


The magnetic balance used for the present investigation works 
on the same principle as the one described in a previous paper,” 
but a number of improvements in construction and in technique 
of handling have been made. The improved balance is shown 
in Fig. 1, 

The magnetic lever (B), which is 6 millimetres square and 
15 centimetres long, ends in an octagonal head (A) 15 millimetres 
in width and length. This bar was made from a piece of elec- 
trolytic iron vacuum-fused in magnesia-lined crucibles. The 


* “ Preliminary Magnetic Study of Heat-Treated Carbon Steels,” Journal of 
the Iron and Steel Institute, 1922, No. II. p. 201. 


2“ A Preliminary Magnetic Study of some Heat-Treated Carbon Steels,” 
Journal of the Iron and Steel Institute, 1922, No. II. p. 20]. 
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rough rolled, long bar from which this lever of the balance 
was machined out was generously furnished by the Bureau of 
Standards. When all machine work on the magnetic lever had been 
completed, it was heated in a slow stream of pure, dry hydrogen 
at 950° for seven days, after which it was very slowly cooled in 
dry hydrogen. Two days were taken to lower the temperature 
from 950° to 600°, after which the current was cut and the lever 
cooled with the furnace. In the present balance the long balancing 
screw attached to the end of the magnetic lever is made of alu- 


Fa. 1. 


minium and is provided with a heavy nut (C), and a small one (D) 
for fine adjustment. A set of weights reading directly in dynes 
was made from analytical weights by attaching to them the 
necessary amount of fine platinum or aluminium wire. The 
pedestal on which the knife-edges rest, as well as the heavy plate 
serving as a base and the adjusting screw (I), are made of brass. 
The holder (F) was wound over a distance of 146 millimetres 

of its length in such a way that the magneto-motive force due to 
a given current could be readily computed and expressed in 
gilberts per centimetre in length of the bar. The terminals of the 
holder are connected to a double pole, double-throw switch for 
controlling the direction of the current. The current, which was 
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controlled by suitable rheostats, was measured with a standard 
milliammeter with capacity of 1500 milliamperes. Under most 
conditions 11-8 milliamperes gave 1 gilbert per centimetre, 
but by means of a special shunt, when working with low fields, 
this could be increased to 118 milliamperes to 1 gilbert. The 
bar to be tested was carefully cut to 15 centimetres and squared 
at the ends. ‘The cross-piece at the bottom of the holder on which 
the bar rests is a piece of brass accurately machined to 1 mill- 
metre square, so that the face of the steel bar is exactly 1 milh- 
metre from the under-side of the brass cross-piece. A series of 
measurements of the attractive force of several magnets was 
made at distances of 5 millimetres and 10 millimetres between 
the lower face of magnet and upper face of the head of magnetic 
lever. On the assumption that the intensity of attractive force 
between two pole centres is inversely proportional to the square 
of the distance, it was found that to satisfy the assumption made 
the combined distance of the pole centres from the end of the 
magnet and the surface of the octagon would be almost exactly 
1 millimetre. Weak and strong magnets gave nearly the same 
value for the computed distance of the pole centre from the 
actual end of magnet and face of lever. Accordingly, a distance 
of 9 millimetres between the lower face of the magnet and the 
upper face of the lever was adopted, so that the attractive forces 
reported could be considered as being those at a distance of 
1 centimetre between pole centres. 

In order to keep the distance between the actual ends of the 
end of the magnet and the lever constant at 9 millimetres, a brass 


gauge (G), accurately machined to 8 millimetres in height, was - 


set on the centre of the octagon, and the holder lowered until the 
gauge block was just in contact with the under-side of the cross 
wire on which the magnet rests. 

When the balance was centred under the holder and the dis- 
tance accurately adjusted, a bar of carefully annealed electrolytic 
iron was placed in the holder. A convenient weight, usually 
4000 dynes, was placed on the pan, and the system. brought into 
balanee by means of the two balancing nuts (C) and (D). The 
present balance has a range of about 18,000 dynes. 

The bar to be measured was first magnetised in a special 
magnetising coil. This coil consisted of 1004 turns of wire wound 


. 
. 
ee 
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over a length of 25 centimetres on a piece of brass tubing, 15 
millimetres inside diameter. The 15-centimetre bar to be mag- 
netised was held in a cylindrical support, intended to keep it in 
the axial centre. When the bar had been inserted to the longi- 
tudinal centre of the magnetising coil, round bars of Armco iron, 
about 14 millimetres diameter, were inserted at both ends. These 
bars extended far enough beyond the end of the magnetising 
coil, so that they could be readily connected by means of a heavy 
iron yoke, thus closing the magnetic circuit. 

_ When a bar to be magnetised was in position, a small current 
of about 0-2 ampere was applied and then gradually increased up 
to 2-5 to 3-0 amperes. The current was then slowly reduced to 
the minimum value and the process repeated three times. The 
bar was then removed from the coil and placed in the holder (F) 
of the balance, with the north pole down. In order to keep a 
bar centred in the holder, a short collar cut from a suitable size 
tubing was slipped over the bar at each end. When a bar had 
been placed in the holder a small magnetising current, giving 
the same polarity as that of the bar, was put through the holder 
and the magneto-motive force applied, increased to about 120 
gilberts, and then reduced to a small value before repeating. 
This process was repeated three times to ensure constancy of 
magnetic condition of the bar at the time of measurement, and the . 
current then cut to zero. The attractive force of the remanent 
field was measured by removing the 4000 dynes weight from the 
pan and substituting smaller weights, until the lever which was 
held down with a finger while changing weights would just not be 
raised from the adjusting screw on which it rests. The difference 
between 4000 dynes and tho weight added to bring the system 
in balance again gives the attractive force of the remanent field 
at a distance of 1 centimetre between pole centres. This 
attractive force was reduced to that which would be given for a 
cross-section of 1 square centimetre by dividing the force measured 
by the cross-section of the bar. 

If the carbides or other solutes to which remanent magnetism 
is due have already been polarised, no further work will be 
required to polarise them, so that a magneto-motive force of the 
game polarity as that of-the bars will produce an increase in 
flux and therefore an increase in the attractive force, the increase 


1924 —il. x 
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being a function of the magnetic resistance of the steel. lor 
convenience, the number of gilberts required to give an increase 
in attractive force of 3000 dynes per cm?. (H5m) was adopted. 
To measure the gilberts to give 3000 dynes, the attractive force 
was first measured as previously described, and then enough 
weights were removed from the pan to be equivalent to 8000 dynes 
per cm?. When this had been done a magnetising current of 
the same polarity as that of the bar was put on, and raised or 
lowered until the system was again in balance. From the milli- 
ammeter reading the gilberts (H*”) were computed. 

To determine the gilberts to demagnetise (H,) the bars, a 
current of opposite eee from that of the bar was put through 
the holder and gradually increased, until after again reducing and 
breaking the current the bar had just reached the reversing point— 
that is, a slight increase of the demagnetising current would 
leave the bar with a weak remanent field of the opposite polarity. 
Repeated measurements of the gilberts required to demagnetise 
(H,) were made, each bar being remagnetised, using the coil with 
the closed magnetic circuit to ensure saturation, that is, polarisa- 
tion of the carbides each time. 


TaBLe I[l.—Magnetic Measurements. 


Carbon. Dynes per Om?, Hgm. Hy 
Bar. ; P € -éi,. Gre 

Wt.per, At Hard- An- | Differ- | Hard- An- | Differ- | Hard- An- | Differ- 

Cent. | Conc. | ened. | nealed.| ence. | ened. | nealed.| ence. | ened. | nealed.| ence. 

IN5, No. 1 0 0) 0 0 0 24-9 | 24-0 0-9 a Bc 
33 A ae Dei 0:7 110 110 0 27-1 | 24-9 222 Wl3ed oa 
5 so a OFZ 1-5 320 140 180 | 29:7 | 24-9 4-8 | 20-0 ade oom 
» 9 4 | 0-45 | 3-0 | 1180 | 195 | 985 | 30-2 | 24-9| 5-3 | 41-0 | 12-4 | 28-6 
> 95D | 06075 3*9" | 3835 |)" 280") 3555" || 3229") 25-7 7°2 | 68°4 | 15-1) 53338 
> 97 «6 | 0-82 | 5-4 | 3805 | 585 | 3220 | 40-5 | 30-2 | 10-3 | 75-0 | 21-3 | 53-7 
» 9 7 | 0-97 | 6-3 | 3225 | 640 | 2585 | 44-8 | 30-2 | 14-6 | 75-9 | 21-3 | 64-6 
Spe eh | Ce ork) paresis) 585 | 1165 | 48-4 | 29-3 | 19-1 | 78-2 | 22-2 | 56-0 
Se Gate Led OR ee S670 530 | 1140 | 61-7 | 25-7 | 36-0 | 77-3 | 16-9 | 60-4 
*, 10 1-30 8-5 | 1640 140 | 1500 | 60-2 | 25-7 | 34-5 | 77-3 | 18-6 | 58-7 
T53, No. 1 | 0:04 | 0-24 fe 25:3 | 25-7 | 0-4 | 26-1 | 12-4 | 13-9 
5p tape 2 LOS S624 Se 3410 500 | 2910 | 34-0 | 30-2 3°8 | 61-6 | 20-4 | 41-2 
» 9» 3 | 0-50 | 3:3 | 4390 | 1000 | 3390 | 32-4 | 32-0 | 0-4 | 65-3 | 25-7 | 39-6 
» 9» 4 | 0°85 | 5-6 | 4740 | 860 | 3880 | 35-9 | 28-4] 7-5 | 72-0] 17-8 | 54-2 
» 9 © | 1:06 | 6°9 45380 (1475 |-3055.) 41-9) 4127 0-2 | 75:0 | 32-9 | 42°] 
» 9» 68 | 1-43 | 9-4 | 3505 | 1140 | 2365 | 50-6 | 38-2 | 12-4 | 74-2 | 30-2 | 44-¢ 
Pe eee O2n | LOZG gino los 975 | 2220 | 51-5 | 29-6 | 21-9 | 76-4 | 25-7 | 50-7 

| | 
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The results of magnetic measurements made, as deseribed on 
the IN5 and 153 derivatives in both annealed and oil-hardened 
condition, as well as the difference in the magnetic properties 
due to hardening, are shown in Table III. 


CONSIDERATION OF Results. 


Specific Resistance—A study of the data given in column 5, 
Table II., shows that the specific resistance of the pure iron- 
carbon series in the annealed condition is a linear function of 
the total carbon, content up to a point somewhat above the 
eutectoid, when there is an abrupt but small increase due to the 
presence of pro-eutectoid cementite. After this small rise, the 
curve continues with slightly increased slope compared with that 
of the first portion. In the chromium steel series, in sample I., 
the high specific resistance would indicate that most of the 
chromium is in solution in the solvent iron. With increase of 
carbon, chromium is precipitated in the form of double carbides 
or mixed crystals, as is indicated by the lowering of the specific 
resistance until the eutectoid, sample IV., is passed, after which, 
due to an increasmg amount of pro-eutectoid cementite, the 
specific resistance again increases with the carbon content. 

In the hardened condition, which is necessary in order to 
have the greatest proportion of the carbides in solution, the 
specific resistance of the pure iron-carbon series mcreases more 
rapidly than the atomic concentration of the carbon, indicating 
either a lowering of the molecular weight of the carbides with 
increase of atomic concentration, or a decrease in the stability 
of the carbides with increasing carbon content. The present 
results confirm the conclusions drawn from those presented to 
the Faraday Society in 19171 It is now well recognised that 
increasing the temperature from which steel is quenched, as well 
as varying the rate of cooling, will have a marked effect on the 
specific resistance. The specific resistance of the chromium steels 
in the hardened condition increases more rapidly than that of the 
pure iron-carbon series in the low-carbon part of the curve, but 
bends over as the eutectoid is approached, so that in the upper 
part of the curve the slope is decidedly less than that of the 


1 Transactions of the Faraday Society, 1917, vol. 12, p. 278. 
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IN5 series. In order to facilitate a comparison of specific re- 
sistance and some magnetic properties in the hardened samples, 
the necessary data are summarised in Table III. 

Magnetic Resistance.—In a recent article giving the results of 
measurements made on two sets of four bars each of straight 
carbon and chromium steels, the measurements haying been made 
by a standard method with closed magnetic circuit, it was shown 
that the minimum reluctivity is a linear function of the carbon 
concentration! Under the force field dissociation theory and the 
hypothesis that carbides in solution can cause magnetic resistance, 
the magneto-motive forces which must be applied to different 
bars in order to give an equal increase in flux, as indicated by an 
equal increase in attractive force, would be proportional to the 
magnetic resistance of the bars. A comparison of the gilberts 
required to give an increased attractive force of 3000 dynes per 
square centimetre (H;,,) with those for the specific resistance 
shows that, in general, in each series the H;,, values follow the 
same order as those for the specific resistance. It will be noted 
that, although the electrical resistance of the chromium steels is 
higher than that of the IN5 series of the same carbon content, 
the magnetic resistance indicated by the H,,, values does not 
increase as rapidly for the “153” bars as it does for those of 
the pure iron-carbon series. This is due to the fact that chromium 
in solution produces electrical resistivity, but has little or no effect 
on magnetic resistance. It has been shown by one of the authors ? 
that carbides in solution in steel possess a thermo-electromotive 
potential which is dependent on the concentration of the dissolved 
carbides. Other solutes in solution possess thermo-electromotive 
potential, but carbides alone seem to possess, to any considerable 
extent, magneto-motive potential. In the present case, the 
gilberts required to demagnetise (Hj, Table III.) indicate the 
magneto-motive potential of the carbides in solution in the two 
series. It will be noted that the H, values for the chromium 
steels rise more rapidly than those of the IN5 series in the lower 


a 1 A. W. Smith, E. D. Campbell, W. L. Fink, ‘The Effect of Changes in 
otal Carbon and in the Condition of Carbides on the Magnetic Properties of 
Steel,” Physical Review, March 1924, vol. xxiii. p. 377. 

2 KE. D. Campbell, “The Influence of Heat Treatment on the Thermo-Electric 
Properties and Specific Resistance of Carbon Steels,” Journal of the Iron and 
Steel Institute, 1916, No. II. p. 267. 


—— 


TOTAL CARBON ON SOME MAGNETIC PROPERTIES OF STHEL. 309 


part of the curve, but cross about the eutectoid point, the values 
for the hypereutectoid bars of the chromium steels being slightly 
below those of the pure iron-carbon gericg. If it is true that 
carbides in solution possess magneto-motive potential which may 
be made manifest by polarising all in one direction, and if car- 
bides in solution cause Magnetic resistance, then the magnetic 
field at the open pole of a bar magnet might be expected to bear 
a relation to the ratio of the magneto-motive potential and the 
magnetic resistance, that is, the ratio of Oy over" Hy, = he 
ratios of these values for both series of steels in the hardened 
condition are shown in column 6, Table TV., and the attractive 


. TasLe 1V.—Hardened Steels. 


Carbon. ehh oe 
a Specific orth Pole 
se Wt. per | Atomic Rosistance. ca) Ha/Fam, Ee oe 
Cent. Conc. | 
IN5, No. 1 0 0 10-63 24-9 0 0 
ey oe 0-11 0:7 10-99 27-1 0:49 110 
eS 0-23 1-5 11-58 29-7 0-67 320 
Ad 0-45 3-0 14-46 30-2 1-35 1180 
a. Ree 0-60 3-9 19-19 32-9 | 2-08 3835 
eT. .G 0-82 5:4 24-99 40-5 | 1-85 3805 
wee: 0-97 6-3 29-19 44-8 | 1-69 3225 
) as ee 1-02 6-7 34-04 48-4 1-62 2750 
a ae 1-19 7:8 38-81 61-7 1-25 1670 
ee Se 1-30 8-5 37-37 60-2 1-28 1640 
T53, No.1 | 0:04 0-24 30-04 25-3 1-03 ES 
Peete 95" 36 24 34-12 34-0 | 1-81 3410 
eat. 9 0-50 3-3 38-12 32-4 2-02 4390 
Se ore ome acess) 5:6 43-81 35-9 2-01 4740 
tes sk abs 05 6-9 48-91 41-9 1-79 4530 
an wage GY alle alka e} 9-4 50-31 50-6 1-47 3505 
oe | 1-62 | 10:6 52-09 51-5 1-48 3195 
| 


force in dynes at 1 centimetre distance between pole centres of 
the north pole field, in column 7. The correlation between the 
magneto-motive potential, divided by the magnetic resistance 
(Hyz/H3_) and the north pole field, is shown graphically in Fig. 2. 
Under the concept developed in the present research, coercive 
force, as usually measured, is primarily dependent on the magneto- 
motive potential of carbides in solution, and hysteresis is princi- 
pally the work expended in reversing the polarity of the carbides 
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in solution. Coercive force and hysteresis—due to other solutes, 
grain-size, or to the state of strain in the iron—is relatively small 
compared with that due to carbides in solution. 


Carbon Mil-Atoms per Cubic Centimeter. 


cy 
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SUMMARY. 


1.T'wo series of steel bars have been prepared, the bars of 
each series differing only in carbon content. The ‘pure iron- 
carbon series contains from zero to 1°30 per cent. carbon. The 
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chromium steel, containmg 2°23 per cent. chromium, contains 
from 0°04 to 1°62 per cent. carbon. This latter is the first 
series of the kind to be prepared. 

2. One or more of three principles were applied in preparing 
the series : carburisation with suitable carburising mixture under 
controlled temperature and time ; decarburisation with hydrogen 
at 950° C.; and equilibration im still, dry hydrogen at 950° C. 

3. Measurements of specific resistance at 25° C. were made on 
both series in the annealed condition and after quenching in oil 
from 900° C. 

4, Experimental evidence is given in support of a new 
hypothesis, which offers a plausible explanation of the mechanism 
of remanent magnetism. 


1924, No. II.; Vol. CX. Autumn Meeting, Sept. 4-5. 
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EXAMINATION OF IRON FROM KONARAK. 


By J. NEWTON FRIEND, D.Sc., anp W. E, THORNEYCROFT, B.Sc. 
(BIRMINGHAM), 


In 1912 a detailed description was given by Mr. Graves of the 
iron beams from the black pagoda at Konarak in the Province of 
Bihar and Orissa. The temple les some twenty miles from Puri, 
which is 311 miles from Calcutta, and in all probability dates 
back to the thirteenth century. The beams had been used as 
supports under the lintels of the doorways and to assist in the 
corbelling-in of the roof. Through the kindness of Mr. Graves 
and of the Secretary of the Iron and Steel Institute, Mr. George 
C. Lloyd, we have been able to examine a specimen of the metal. 


(a) Microscopic EXAMINATION. 


The specimen, measuring 2-5 cm. x 2-4 cm., was polished 
for microscopic examination, and etched in a saturated solution 
of picric acid in alcohol. Some difficulty was encountered at first 
in obtaining a satisfactory section, due largely to the slag in- 
clusions in the “ cracks.” In the centre of the specimen were a 
number of holes, varying in size and depth ; from these radiated 
“cracks,” as shown in the accompanying sketch (Fig.1, Plate XIII.). 
The photograph (Fig. 2, Plate XITI.), taken at a magnification of 50 
diameters, shows a portion of the specimen near one of the cracks. 
The crack itself is seen as a black mass ; in contact with it is a light 
border of ferrite, the grain boundaries being faintly discernible; 
while this in turn passes into a mixture of pearlite and ferrite. 
Portions of the specimen away from the cracks showed a fairly 
uniform structure typical of mild steel containing rather less than 
0-15 per cent. carbon ; while portions of the specimen bordered by 
the holes and cracks showed no signs of pearlite. The examina- 
tion lends support to the statement by Graves that “ the method 
of manufacture was by welding up small blooms,” and apparently 
decarburisation took place during the operation of welding. 

The specimen was found to be very soft, the Brinell hardness 
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number (using a load of 500 kilogrammes) having a mean value 
of 72—a value less than half of that (namely, 188) found by 
Sir Robert Hadfield for the Delhi metal. 

A test was made with the Shore scleroscope in order to deter- 
mine any variations in hardness. Using the magnifier hammer 
the hardness number varied from 31 to 28 in different parts of the 
specimen. 


(b) Cuumicat ANALYSIS. 


Owing to the irregularity of the metal, to which attention has 


already been directed, it was a little difficult to choose a thoroughly - 


representative portion for analysis. The piece ultimately chosen 
was as free as possible from attached slag, and its composition is 
given in the accompanying table, together with that of a sample 


TABLE 1.—Analyses of Indian and other Irons. 


| Konarak | Modern Delhi Dhar Ceylonese 
Tron. Mild Pillar. Pillar, | (Sigiriya). 

|c. A.D. 1250. Steel. c, A.D. 300. | c. A.D. 320.  c. A.D. 450. 
Carbon é 5 0-110 0-080 0-080 0-02 traces 
Silicon 0-100 0-170 0:046 aed 0-26 
Sulphur 0-024 0-025 0-006 e80 0-022 
Phosphorus . 6 0-015 0-040 0-114 0:28 0-34 
ae : A | trace 0-36 nil ane traces 
Copp : | ee ee ane 0-012 
ee (Brinell) el We 188 wae 

{ 


of modern mild steel; analyses of specimens from the famous 
Delhi and Dhar pillars and from Sigiriya in Ceylon, as given by 
Sir Robert Hadfield are also quoted. The low phosphorus 
content is noteworthy, in view of the high percentage present in 
the other Indian and Ceylonese specimens. ‘The silicon is higher 
than in the Delhi pillar, but this may well be due to slag or other 
siliceous inclusion. The carbon is a little high. On the whole, 
however, the composition indicates that the source of the metal 


was very pure. The sulphur content resembles that of the 
Ceylonese metal. 


+ This Journal, 1912, No, I. pp. 134 and 171 (insertion). 
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FiGc. 1.—A Macrosection of Konarak Iron. X3. 
Black: holes and cracks. White: ferrite. Shaded: ferrite and pearlite. 


Fic. 2.—Konarak Iron. X50. 


[To face p. 314. 
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(c) Corrosion Txusts. 


The metal was cut into a small rectangular block and exposed, 
along with a similar block of modern mild steel (specimen 2, 
Table I.), to the corrosive influence of alternate wet and dry (tap 
water) for one year. It was then removed, cleaned and weighed, 
the loss in weight being taken asa measure of corrosion. 

The specimens were then exposed for one year to action of 
artificial sea-water, made by dissolving the requisite quantity 
of Cheshire rock-salt in tap water. The tank containing the 
specimens held about 1 ton of the sea-water. 

The results were as follows : 


TaBLE II. 


Konarak metal, 0-655 x 0-968 x 1-015 cubic inches. 
Mild steel standard, 0-650 x 0-985 x ]-025 ,, ss 


Loss in | Areas Relative 
Treatment : | ss 
| Weight. | E d. Corre | 
aa | (One Year each), Grannies. | Square iuciios: Onis Ape. 
| Konarak . . | sAlternate wet 2-6747 | 3-845 89-3 
| Steel : ; eile anclacliny, | 38-0438 | 3-909 100-0 
Konarak : . |  Sea-water 0:4250 | 3-845 75-3 | 
Steel : ° a 700 | 0-5740 | 3-909 | 100-0 


It is interesting to note that im both sets of experiments the 
ancient metal has proved appreciably more resistant to corrosion 
than the modern mild steel. It is not altogether easy to under- 
stand why this should be the case, particularly in view of the 
lack of homogeneity depicted in its microstructure, a feature that 
is usually regarded as conducive to corrosion. It is certainly 
very curious that, in most cases where ancient irons have been 
tested, their resistance towards corrosion has been very marked. 


In conclusion; the authors desire to thank the Government 
Grant Committee of the Royal Society for a grant which has 
enabled them to make this micrographie study. 


? ip Ao es 
( 
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A NOTE:’ON THE EFFECT OF GRAIN-SIZE 
ON THE EXTENSION AT THE YIELD 
POINT IN ARMCO IRON. 


By R. ARROWSMITH, B.Mnr. (Norrawicn). 


In a recent paper Thompson and Millington! have suggested 
that in a single crystal, or a coarse aggregate of iron, movement, 
when the elastic limit is passed, takes place on the rhombic 
dodecahedral plane. If this occurs there is no reason to expect 
a yield point, the stress-strain curve probably being similar 
to that in a close-packed non-ferrous metal such as copper. 
In a fine aggregate the effect of the numerous boundaries will, 
it is suggested, inhibit dodecahedral movement and result in de- 
formation taking place upon a cube face. If the latter type of 
movement occurs the well-known yield point of iron is expected. 

At the time that the paper was read no very satisfactory 
experimental evidence was available from which to check these 
conclusions, and it was for that reason that the present short 
investigation was undertaken. As will be seen, the results 
amply confirm the expectation. The coarsest aggregate shows 
no yield point at all, and the longest yield range is given by the 
sample with the smallest crystals. The results, therefore, pro- 
vide experimental confirmation of this part of the conclusion 
reached by the authors named. 


MatTERIAL AND INstRUMENTS USED. 


The material used for the research work was Armco iron 
in the form of cold-drawn wire, 0-168 inch diameter. ‘Test- 
pieces 19 inches in length were used, the central 2 inches of each 
piece being ground down, after heat treatment, to 0-125 inch 
diameter. 

The extensometer used for measuring the extension of the 
test-piece was a slightly modified type of the Unwin appliance. 
One division of the micrometer head represented 0-001 inch, 

1 Journal of the Iron and Steel Institule, 1924, No. I. 
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while by estimation it was possible to read to 0-0001 inch. An 
Avery 6000-Ibs. vertical compound lever testing machine was 
used in breaking the test-pieces. 


Heat TREATMENT OF SPECIMENS. 


This consisted in annealing the specimens in an electrically 
heated resistance furnace, in order to obtain the ferrite grains 
of the desired size. No attempt was made to obtain an identical 
grain-size throughout the whole length of the specimen, the 
central 2 inches of the piece which was subsequently to be ground 
down and measured only being considered. 

Three specimens, A, B, and CU, were annealed at different 
temperatures, and the grain-sizes and length of yield resulting 
are given in the following table : 


| 
fi ae Per Cent. Increase | 
| Annealing ‘Temperature. wen Genrer of Length at 
ae er eee Yield Point. 
A 1056° C. for 7 hours 87 nil 
| B 920° C, for 14 hours 220 0-81 
| C 770° C. for 19 hours 1000 1-57 


HStTIMATION OF GRAIN-SIZE. 


This was done by projecting an image of the etched specimen 
on the ground-glass screen of the Zeiss photomicrographic 
apparatus. A square was drawn on the screen and, a typical 
field having been selected, the number of grains falling within 
the square were counted and ticked off witha pencil, grains falling 
over the edge of the square being counted as a half. 
fication of the apparatus and the size of the square being known, 
it was a simple matter to calculate the number of grains in a 
square millimetre of the specimen. 


BREAKING THE TEST-PIECES. 


A load of 100 Ibs. was applied to each specimen before any 
extension was measured. ‘The load was then applied gradually, 


The magni- 
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taking care to keep the beam balanced all tho time, and the 
extension measured. The results obtained are plotted in Fig. 1. 
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This work was carried out in the Metallurgical Laboratories 
~ of the Victoria University of Manchester. 
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Epwarp T. Aetus died on September 21, 1924. He was principal 
of the firm of E. T. Agius Ltd., coal exporters, of Lime Street, London, 
which he founded fifty-five years ago. He was until recently a member 
of Lloyd’s, and he had been a member of the Baltic Exchange since 1869, 
being the oldest active member of that Institution. He had a large 
connection on the Continent, where both his industrial and social 
interests were extensive, and in 1912 was appointed a Chamberlain of 
the Court of the Vatican. He was elected a member of the Iron and 
Steel Institute in 1895. 


Sir GrorcE Beiipy, F.R.S., died on July 31, 1924, in his seventy- 
fourth year. He was the son of Dr. G. T. Beilby, a well-known medical 
practitioner in Edinburgh, and was educated privately and at Edin- 
burgh University. In 1869 he entered the services of the Oakbank 
Oil Company, and thereby began a lengthy association with the Scottish 
oil shale industry, in the course of which he introduced several important 
improvements in the distillation process, chief among which was a 
method for recovering ammonia from the spent retort material. It is 
of interest to note that the use of steam in gas production for the 
purpose of recovering the nitrogen of the coal as ammonia was first 
proposed by Beilby, who practised it on an industrial scale at the 
Oakbank Oil Works. He was no less successful in the other industrial 
enterprises with which he was associated, notably the Castner Kellner 
Alkali Company and the Cassel Cyanide Company. It was while 
engaged with the last-named company that his important researches 
on low-temperature carbonisation of bituminous coal were begun. 
His private industrial enterprises and technical work did not, however, 
exclude other interests. He was a prominent supporter of the Glasgow 
aud West of Scotland Technical College, of which he was a governor 
up to his death, and Chairman for many years, during which it became 
in 1912 the Royal Technical College, and in 1913 was affiliated to the 
University of Glasgow. In 1900, when the National Physical Laboratory 
was instituted, he was a member of the first Committee. His work on 
fuel came prominently before the public when in 1903 he reported at 
some length to the Royal Commission on Coal Supplies, with considered 
and valuable estimates of the consumption of. coal in the several services 
in which it is used, and of the order of magnitude of the economies that 
seemed possible in each by the adoption of improved methods. He 
was also a member of the Royal Commission on Fuel and Engines for 
the Navy, 1912-13. The outbreak of the European War directed 
attention to the findings of that Commission in the matter of developing 
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a native source of oil supply by the adoption of low-temperature® 
carbonisation of coal. His help in war matters was sought when it had 
been decided to reply to the German gas attacks in 1915. He gave it 
immediately and ungrudgingly. All the wide manufacturing know- 
ledge that he possessed or that was among the trade secrets of his 
companies was placed unreservedly at the disposal cf the Government. 
He became a member of the War Office Committee then formed to 
devise and test materials for offensive chemical warfare. On the forma- 
tion of the Ministry of Munitions this branch of research was transferred 
to the new Ministry. Throughout these years he gave his whole time 
to work for the Government, mainly in the Trench Warfare Department 
and its successor, the Chemical Warfare Department. In 1915, when 
the Privy Council set up its Committee for Scientific and Industrial 
Research, he was asked to serve as one of its first members. He subse- 
quently accepted the Government’s invitation to become Chairman 
and Director of the Fuel Research Board. The institution of the Board 
was followed rapidly by a decision to erect the Fuel Research Station, 
in eyery detail of the design of which he was personally concerned. 
Outside his work on fuel, he devoted close attention to certain aspects 
of metallurgy, contributing notably to the theory of flow of metals. 
He investigated the effects of various forms of mechanical work on 
the crystalline structure of metals—for example, the disturbances 
which occur in the processes of polishing and burnishing. He made 
an experimental study of a number of solids in various states of aggre- 
gation. His researches in this field, which were ingeniously planned 
and most accurately carried out, were of an entirely novel kind. He 
gave an account of this work in the May Lecture which he delivered to 
the Institute of Metals in 1911. In his book, “ The Aggregation and 
Flow of Solids’ (1921), he published collected records of his work on 
this subject, including his more recent investigations, based on most 
careful work and on observations repeated time and again. These 
and the theory of the hard and soft states of metals which he put forward 
in 1911 had a profound influence for several years on the development 
of metallography, and gave rise to a variety of researches designed to 
test the range of application of his theory. In view of recent researches 
on the constitution of matter it is difficult to judge the precise form of 
the theory which will ultimately be accepted, but there can be no two 
opinions as to the magnitude of the service he rendered to the elucida- 
tion of the changes produced in metal crystals by mechanical work of 
all kinds. 

He received the honour of knighthood in 1916. He was a Doctor 
of Laws of Glasgow and Birmingham, and a Doctor of Science of . 
Durham. He was elected a member of the Iron and Steel Institute 
in 1900. 


CHRISTOPHER RoBerT Cornine, of New York, died at Chatel- 
Guyon, France, on July 2, 1924, at the age of sixty-five. He was one 
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“of the ablest mining engineers and geologists in America. He was 
educated at Zurich and at the Bergakademie at Freiberg, where he 
graduated in 1883. He continued his studies at Heidelberg until 1886, 
when he returned to America. He served in several mining districts 
of America, and in 1897 he joined the firm of Olcott, Corning and Peele, 
consulting mining engineers. During the last ten years he maintained 
his office in New York as a consulting engineer. He was one of the 
organisers of the Mining and Metallurgical Society of America, and 
served as a member of the John Fritz Medal Board of Award. He was 
elected a member of the Iron and Steel Institute in 19138. 


Joun Henry Cremer died at Spartanburg, South Carolina, on 
July 20, 1924, at the age of seventy-eight. He was born at Batavia, 
and was of French Huguenot descent. He went to America when a 
young man, after having received his education in Paris and Liége. 
For a time he was associated with Andrew Carnegie in the management 
of blast-furnaces. Subsequently he established himself in Cleveland, 
Ohio, as an analytical chemist, specialising in iron ore analysis. In 
this work he was associated for a number of years with G. A. Bicknell, 
and was co-author with the latter of the ‘“ Chemical and Metallurgical 
Handbook,” published in 1898. He was elected a member of the Iron 
and Steel Institute in 1886. 


WaLtteR CRooKE died on June 30, 1924, at his residence, Fern Villa, 
Oswald Road, Scunthorpe, at the age of eighty-four years. He was 
for many years engineer of the Millom and Askham Ironworks, and 
while there patented the Massicks and Crooke hot-blast stove, which 
he described in a paper read before the Institute in 1890. He took up 
his residence at Frodingham in 1909, and with the assistance of his 
second son, Mr. Arthur Crooke, general manager of the Frodingham 
and Appleby Works, he introduced the Crooke revolving top for blast- 
furnaces. He was elected a member of the Iron and Steel Institute 
in 1883. 


GrorGE LaupER died at Greenwich, Connecticut, on August 24, 
1924, at the age of eighty-seven. He was educated at the Glasgow 
University. In 1892 he became a director of the Carnegie Steel Company, 
which had just been formed. He was associated with Andrew Carnegie 
for thirty years. He retired from the steel business in 1901, when the 
Carnegie Steel Company was acquired in connection with the formation 
of the United States Steel Corporation. He was elected a member of 
the Iron and Steel Institute in 1888, 


Tuomas ComMERFoRD Martin died at Pittsfield, Massachusetts, 
on May 17, 1924. He was born in London in 1856 and was educated 
at Gravesend. He was associated with Thomas A. Edison in electrical 
research from 1877 to 1897, and had been editor of the Electrical World 
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from 1883 to 1909. He had lectured on engineering subjects in England 
and France, and in 1907 was decorated Officer of Public Instruction 
by the French Government. He was a Past-President of the American 
Institute of Electrical Engineers and of the New York Electrical 
Society. He was also a member of the Engineering College, George 
Washington University, and of numerous scientific clubs and societies. 
He was a member of the committee organised by the American engineer- 
ing societies to expend the $1,500,000 gift of Andrew Carnegie for the 
erection of a United Engineering Societies Building and the Engineers’ 
Club in New York. He was a frequent contributor tc scientific and 
trade journals, and was author of books on research and invention. 
He was elected a life member of the Iron and Steel Institute in 1905. 


FE Epear Winpsor Ricuarps died in London on August 5, 1924. 
He was born in 1863, and was the son of the late Edward Windsor 
Richards, Past-President. He was educated at Giggleswick and Bishop 
Auckland, and received his training in the steel industry at Messrs. 
Belekow Vaughan’s Works in Middlesbrough. He afterwards went to 
America, and filled positions with the Carnegie Steel Company and the 
Scranton Steel Company, in charge of their stee] departmentand mills. On 
his return to this country he was appointed manager of the steel-making 
department at the Barrow Works, which position he left when he was 
appointed general manager of the works of the Glengarnock Iron and 
Steel Company, Ltd. He held this position for twenty-three years, 
during which time the works were entirely remodelled. Subsequently 
he resided in London, and was chairman and director of Edgar Windsor 
Richards & Company, consulting engineers, of Long Acre. He was a 
Vice-President of the West of Scotland Iron and Steel Institute, and 
was elected a member of the Iron and Steel Institute in 1892. 


Comm. Ing. Grutio Virati died at his residence in Turin on April 4, 
1924, at the age of fifty-two, having been born at Bologna in 1873. As 
a young man he spent some years studying the practical metallurgy 
of iron and steel at works in France, Belgium, and Germany, and on his 
return to Italy he joined the staff of the Ligure Metallurgico at Sestri, 
and was shortly after made general manager of the works. He occupied 
subsequently similar positions at Savona and at Piombino. In 1910 
he surrendered his position as deputy chairman of the Piombino 
Company and established himself in private consultative practice, but 
in 1912, at the urgent solicitation of Comm. Gatta, the managing 
director of the Piemontesi Company, he joined the board and took over 
the management of the Turin Works of the Company. In 1917, when 
these works were absorbed by the F.I.A.T. Company, Mr. Vitali became 
general manager of the entire iron and steel plant of that undertaking. 
He was thus identified in a striking manner with the iron and steel 
industry of his native country all his life, and much of the™ pro- 
gress and great development of the important modern plant of the 
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F.1.A.T. Company at Turin was due to his foresight and to his great 
administrative and organising powers. 

Although suffering at the time from a malady which had already 
severely sapped his powers, he threw himself with enthusiasm into the 
task of organising the arrangements made to receive and entertain the 
members of the Iron and Steel Institute who visited Italy at the 
autumn meeting of 1923, and was present on the occasion of their visit 
to the F.I.A.T. metallurgical plant in Turin, and contributed by his 
personal influence and interest in no small measure to the success with 
which the visit to Turin was attended. He was elected a member of 
the Iron and Steel Institute in 1907. 
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I.—GEOGRAPHICAL DISTRIBUTION OF ORES. 


(Arranged in alphabetical order under Countries.) 


Australia.—Industrial Minerals (Queensland Geological Survey, 
1920-21, Publication 268). This publication is divided into nine parts, 
each part containing a review of the occurrence, treatment, uses, 
values, and production of certain industrial minerals in Queensland. 
Molybdenite is dealt with in Part 4, nickel in Part 6, graphite in Part 7, 
manganese in Part 8, and arsenic in Part 9. 


British Empire—Mineral Resources of the British Empire (Mining 
Journal, Special Empire Mining Number, June 21, 1924, vol. 145, 
84 pp.). A review is published of the mineral resources and mining 
activities in all parts of the British Empire. 

a 

Bulgaria.—D. A. Wray, Mineral Resources of Bulgaria (Mining 
Magazine, 1924, vol. 30, p. 73).. The iron ore deposits of Bulgaria 
are of small extent, but they contain ore of good quality, and are 
probably sufficient to supply local needs of iron and steel for many 
years. * In Eastern Rumelia, south of Yamboli, a magnetite ore deposit 
occurs in the form of lenticular masses in syenite. The principal part 
of this deposit is known as the Blagovest concession. Another mag- 
netite ore deposit is found at Samakoff, in the upper Isker valley. 
Similar, but smaller deposits of the same kind are found on the northern 
slopes of Stara Planina, in the neighbourhood of Kustendil, at Kavakli, 
and at several places in the Rila and Rhodope mountains. Hematite 
ore deposits are found near Kreminovsi and Bresnik. The Kremi- 
novsi ore is stated to have an iron content as high as 60 per cent. The 
Bresnik deposit is similar in character, with a varied iron content of 
52-3 per cent., and an estimated ore tonnage exceeding one million. 
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Magnetite sands with a high iron content, and low in phosphorus and 
silica, are found in the coastal district of Bourgas. Deposits of man- 
ganese ore, while not yielding ore of the highest grade, are of some 
importance for a local iron and steel industry. The deposits occur in 
three districts, near Sofia, Yamboli, and Varna respectively. Chromite 
in small quantities occurs in numerous localities, and between Sotir 
and Ferdinand in north-west Bulgaria, large masses have been found 
in the serpentine. 


* F Canada.—J. G. Morrow, Report of Sub-Committee on Iron Ore 
(Honorary Advisory Council of Scientific and Industrial Research, 
Canada, Report No. 14, 1924). This report discusses the nature of 
the Canadian iron ore deposits and the economic difficulties. Canadian 
ores must be beneficiated to compete with the ores of Michigan, Wis- 
consin, and Minnesota. The sintering process is” preferable ‘to ‘the 
briquetting process, particularly as regards reduction in the blast- 
furnace. Under present conditions electric smelting of iron ore and 
smelting of titaniferous iron ore are impracticable. 

E. L. Bruce, Iron Ore in the Lake St. Joseph District, Ontario (Thirty- 
first Annual Report of the Ontario Bureau of Mines, 1922, Part 8). 
Tron-bearing rocks of economic interest occur on islands in Lake St. 
Joseph, and below some parts of the lake itself. The ore bodies are 
lenticular, the largest appearing to be continuous for about five miles. 
The iron minerals are magnetite and specular hematite—each occurs 
in fine grains intimately mixed with silica. Analyses of seven samples 
showed an iron content ranging from 32-60 to 37-92 per cent., no 
sulphur, and only a trace of titanium. Determinations of phosphorus 
in three samples gave 0-1209, 0-1564, and 0-203 per cent. respectively, 
Magnetic concentration tests showed that by crushing the ore to pass 
a 200-mesh screen a concentrate containing nearly 60 per cent. of 
iron could be obtained, but that not more than 30 per cent. of the 
total iron was recovered. 

A. H. A. Robinson, The Mineral Industries of Canada (Canada 
Department of Mines, Ottawa, 1924). This booklet has been revised 
for distribution at the British Empire Exhibition. It presents in 
popular form”a brief sketch”of_the more important economic minerals 
of Canada. 


China.—F. R. Tegengren, The Iron Ores and Iron Industry of 
China (Memoirs of the Geological Survey of China, Series A, No. 2, 
Part 1, Oct. 1921 ; Part 2, Dec. 1923). Part 1 of this memoir is devoted 
to a description of the individual iron™ore deposits of Chihli, Man- 
churia, Shantung, Shansi,“and Honan. Part 2 includes a description 
of the deposits of Hupei, Anhui, Kiangsu, Chekiang, Fukien, Kuang- 
tung and Kuangsi, -Kiangsi, Hunan, Kueichou, Ssuchuan, and Yunnan. 
A general survey and an account of the primitive native iron in- 
dustry are given, also a review of the modern_industry which includes 
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descriptions of the Han-Yeh-Ping works, the blast-furnace of the 
Yangtze Engineering Works, the Lung-Yen Ironworks, the Pen-Ch'i-Hu 
Ironworks, the An-Shan Ironworks, and the P’u-Tung Iron and Steel 
Works. The general position of the industry is reviewed, and par- 
ticulars are given of the costs of production per ton of pigiron. Tables 
are also given showing the production and consumption of iron and 
steel in China. In view of the intimate connection and interdepen- 
dence of the iron industrial possibilities of China and those of the 
Far East and the Pacific regions, a brief summary of the available 
information relating to the iron industry of Pacific Asia, America, 
and Australia is incorporated in the memoir. The memoir concludes 
with a list of references to the literature on iron ore and iron in China. 

Raby, The Iron Ore Resources of Northern China (Bulletin Econo- 
mique de l’Indo-Chine, October 1923, p. 444; Bulletin of the Imperial 
Institute, 1924, vol. 22, No. 1, pp. 90-92). The author deals with the 
iron ore resources of Manchuria and the Chihli and Shantung provinces 
in Northern China. The deposits contain some rich iron ore, but the 
larger proportion, while constituting useful ores, are only of moderate 
grade. Generally, the ores are low in phosphorus and sulphur, and 
apparently are not titaniferous. The principal deposits are associated 
with Archean rocks, and the ore minerals are magnetite and hematite, 
The Manchurian deposits are the most extensive, and are found in 
four districts. The principal district is Anshan, traversed by the 
Dairen-Mukden Railway. The ore reserves have been estimated at 
400 million tons, with aniron content of 31 to 55 per cent., and 2 million 
tons of richer ore, with an iron content of 48 to 65 per cent. The 
Kung-Chang-Ling deposits are 20 miles from the Antung-Mukden 
Railway. ‘The ore reserves are estimated at 268 million tons, with an 
iron content of 29 to 40 per cent., and 2,300,000 tons of rich ore con- 
taining 60 to 68 per cent. of iron. The ore reserves of Miao-Erh-Kou 
deposit amount to 70 million tons of ore containing 33 to 38 per cent. 
of iron and 2 million tons with an iron content of 59 to 70 per cent. 
The Kuo-Ti-Shan deposits are relatively small and not of high grade. 
The ore minerals are magnetite and hematite. In Chihli Province the 
iron ore deposits are estimated to contain 57,800,000 tons, with an iron 
content of 57 to 58 per cent. At Hsin-Yao are iron ore deposits about 
forty-two miles from Hsuan-Hua station on the Pekin-Kalgan Railway. 
These are estimated to contain 17,800,000 tons of ore, with an iron 
content of 48 to 59 per cent. Another deposit at Yen-Tung-Shan is 
about six miles from Hsuan-Hua station. It contains an estimated 
quantity of 12,900,000 tons of ore, with 32 to 58 per cent. of iron 
occurring in argillaceous schists and sands of pre-Cambrian age. In 
the basin of Luan-Hsien is a group of iron ore deposits of low grade, 
with an iron content from 25 to 40 per cent. The ore reserves are 
estimated at 31 million tons. In the Shansi Province are numerous 
small deposits of iron ore, rather high in phosphorus, but suitable for 
the production of steel by the basic process. Shantung Province 
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contains one iron ore deposit at Chin-Ling-Chen or Tieh-Shan, near the 
Tsinan-Tsingtao Railway, and about 120 miles from the port of Tsing- 
_ tao. The estimated ore reserves are 13 million tons of hematite and 

magnetite ore with aniron content of 33 to 66 per cent. This deposit 
was discovered by Germans in 1899 and exploited by them to supply 
a blast-furnace at Kiaochow. The Japanese took over the deposit 
in 1914 and exported ore from it to Japan. 

M. Brucher, The Metalliferous Ores and Other Useful Minerals of 
China (Gliickauf, August 30, September 6, 13, 20, 1924, vol. 60, pp. 759- 
765, 789-795, 811-815, 840-848). A general review of the mineral 
resources of China, other than coal and iron. 

Wong Wen-Hao, The Mineral Resources of China (Memoirs of the 
Geological Survey of China, Series B, No. 1, July 1919). This memoir, 
which is in the Chinese language, describes the resources of metals and 
non-metals, with the exception of coal. 

V. K. Ting, The Manganese Deposits of Hsi Hu Hs’un, Chang Ping 
Hsien, Chihli (Bulletin of the Geological Survey of China, October 
1922, No. 4, pp. 91-96). 


France.—L. Cayeux. Magnetic Iron Ore in the Grey Seams of 
Hayange (Revue Universelle des Mines, December 1923, vol. 19, 
pp- 61-68). A description of the occurrence of pockets of magnetic 
iron ore in the vicinity of the Hayange fault. The throw-down 
reaches a depth of 70 to 80 yards, and on each side of it the magnetic 
deposits are found. The mineralogy and petrographic characters of 
the ore are discussed. 


Panama.—J. F. Sheridan, Manganese Ore Deposits in Panama (Iron 
Age, August 21, 1924, vol. 114, pp. 444-447). A survey is given of 
the manganese ore deposits in Panama. Manganese ore occurs in 
abundance on the Pequeni River and adjacent territory, and is high 
in manganese dioxide and metallic manganese. The deposits so far 
have only been mined on the surface. Mention is also made of the 
occurrence of manganese ore in Costa Rica. The deposits thus far 
discovered are all on the Nicoya Peninsula, on the Pacific coast. Most 
of them are of rather low grade or of small extent. 


Spain.—Demay, Geological, Metallurgical, and Economic Notes on 
the Mineral District of Carthagena (Annales des Mines, 1924, vol. 5, 
pp. 137-193). It is in the upper calcareous deposits that iron ore is 
found. Thisis of high quality, and is usually in the state of a hydroxide, 
although carbonates are also found. The higher grade ore, which 
contained as much as 53 per cent. of iron, has largely been exhausted. 
Manganese ore is also found, the manganese percentage being in some 
instances fairly high (22 to 26 per cent.). The theory of the formation 
of these deposits is given, after which a short account is given of the 
early history of mining, which dates back to the time of the ancient 
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Romans. The modern working of these ores dates, however, only 
from as comparatively recently as 1842. The output in 1913 was 
490,032 metric tons, which fell, however, in 1915 to less than half this 


amount. Production has never recovered, and the figures for 1921 ~ 


were only 98,063 tons. Data are given of the cost of labour, over- 
head charges, and average prices. At present the mining industry is 
suffering from the general uncertainty which pervades so many other 
industries. 


Sweden.—P. Nicou, The Swedish State, and the Large Deposits of 
Ezxportable Phosphoric Iron Ore (Annales des Mines, 1923, vol. 4, 
pp. 181-226, 255-335). A continuation of the account of the iron ore 
resources and the organisation of the industry in Sweden (abstracted, 
Journal of the Jron and Steel Institute, 1923, No. II. pp. 382-383). 
The legal aspects of the various concessions, and the periods for which 
they have been granted, together with the allocation of the tonnages 
which may be exported, are given. The text of the various contracts 
between the ore mining companies and the Government is given in full. 

W. Petersson, Deep Surveys of the Iron Ore Deposits of Kvirunavaara 
and Gellivare (Jernkontorets Annaler, 1924, vol. 108, pp. 193-241). 
The work of surveying these extensive iron ore deposits by means 
of bore holes was begun in 1914, and was brought to a conclusion in 
1923. Analyses of samples taken at different levels show extremely 
favourable results as regards the content of iron and phosphorus. At 
Kiirunavaara deep bore-holes were in some cases carried to a depth of 
700 metres, the thickness of the ore beds passed through being from 100 
to 190 metres. The iron and phosphorus ranged from 68-3 per cent. 
iron and 0-04 per cent. phosphorus in Grade A, to about 52-0 per cent. 
iron and 2-0 per cent. phosphorus in Grade G. The total reserves of 
ore are of enormous extent. 

P. Geijer, The Geological Conditions of Kwrunavaara as shown by 
Deep Borings (Jernkontorets Annaler, 1924, vol. 108, pp. 243-254). 


United States.—A. F. Rogers, Kempite, a New Manganese Mineral 
from California (American Journal of Science, August 1924, vol. 8, 
pp. 145-150). The new mineral was found by the author in a huge 
boulder of manganese ore in Alum Rock Park, near San José, 
California. The minerals forming the boulder also include tephroite, 
hausmannite, rhodochrosite, barite, pyrochroite, psilomane, gano- 
phyllite, and a small amount of alabandite. The kempite was found 
as minute enhedral crystals in cavities associated with pyrochroite 
crystals, and in small patches sporadically distributed through impure 
hausmannite. It is very rare and irregularly distributed. In colour 
it is emerald green with a specific gravity of about 2-94. The com- 
position was found to be : 


Mn, Ol. H,0. 16) diff b 
50-59 16-41 11-60 Or aL40, 
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This corresponds with the empirical formula Mn,C1,0,3H.0. Kempite 
is the only known manganese oxychloride. Rhodochrosite often 
surrounds kempite and is apparently an alteration product of it. 


Origin of Ore.—F. Behrend, The Formation of Iron and Manganese 
from their Hydrowide Salt Solutions in Surface Deposits (Zeitschrift fiir 
praktische Geologie, July, August 1924, vol. 32, pp. 81-89, 102-108). 
The examination of lacustrine and bog ores has led the author to the 
belief that where these consist of iron and manganese ores they have 
been formed by precipitation from hydroxide solutions containing these 
minerals as salts. Evidence in suppori of this theory is presented. 

K. Hummel, Origin of the Mangantferous Iron Ores in the Limestone 
of the Spessart and Odenwald (Gliickauf, August 30, 1924, vol. 60, 
pp. 765-768). The view is maintained that these ores were formed as 
metasomatic deposits from hot springs percolating upwards. This 
theory is supported by the fact that the ores are associated with 
spathic siderite and barytes. The beds are of Tertiary Age. At the 
surface the ore has become enriched by weathering, and the deposits 
may be regarded as a potential reserve. They run to considerable 
depth, but except at the outcrop they are too lean to have much 
economic value. ; 


Valuation of Ore Properties.—P. L. Burthe, Note on the Valuation 
of a Metalliferous Mine (Revue Universelle des Mines, May 1, 1924, 
vol. 2, pp. 138-158). Gives formule for the valuation of mineral 
deposits when the various factors, such as ore available and in sight, 
are known. A number of actual examples are worked out, including 
instances relating to the iron ore deposits of Kicrum, and of Gellivare, 
wherein the whole of the factors, comprising ore estimates, purchase 
price, and conditions of lease, &c., are assembled, and the probable 
profits estimated. 


Il.— PREPARATION OF ORES. . 


Examination of Ores.—E. E. Fairbanks, Microchemical Determina- 
tion of Ores (U.S. Bureau of Mines, Advance Report, 1924, Serial 2613). 
Microscopic methods have proved of value in the study of low-grade 
ores. The minerals are often so finely disseminated and intermixed 
that identification, even: by microscopic methods, is difficult; the 
author has accordingly devised a small boring appliance for obtaining 
drillings, in order to overcome the difficulty of getting a small amount 
of uncontaminated material from a disseminated mineral. Such 
drillings facilitate the identification of the various minerals encountered 
in the study of low-grade potential ores. 
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Leaching of Iron Ore.—A. J. Moxham, Purifying Iron Ore by 
Chemical Methods (Iron Age, June 5, 1924, vol. 113, pp. 1637-1639). 
Particulars are given of experiments on the purification of iron ore by 
leaching. A small plant has been built to work the Delaware green- 
sands, one of the largest deposits of low-grade iron ore in the United 
States. The greensand is leached with acid, with subsequent washing 
for the separation of iron, potash, and alumina. 


Ore Dressing.—A. Bibolini, Note on the Electrostatic Separation of 
Minerals as Applied in a New Electrical Sifter (Revue Universelle des 
Mines, March 1, 1924, vel. 1, pp. 290-318). A detailed account of the 
Bibolini-Riboni electrostatic separator, preceded by a short summary 
of the principles involved in electrostatic separation generally. The 
theory of the new separator is discussed in full, with formule and 
diagrams, and its practical application is likewise described and 
illustrated. 
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Quartzite—D. A. Hasebrink, The Tertiary Quartzite Deposits, with 
Special Reference to the Quartzite Occurrences on the Middle Rhine (Stahl 
und Hisen, August 21, 1924, vol. 44, pp. 1018-1022). A general 
description is given of the occurrences of tertiary quartzite in the 
Siebengebirge and Westerwald, its origin and chemical composition. 


Kaolin.—The Kaolin Deposits of Furter, Sardinia (Chemical Age, 
China Clay Trade Review Section, September 20, 1924, vol. 11, 
pp. 15-16). In the general description of the geology and occurrence 
of kaolin in Sardinia, reference is made to the use of certain qualities 
as refractory materials. The deposits in question lie in the volcanic 
region in the vale of Ria Sa Perdala, where extensive workings have 
been opened out. Hitherto there have only been industrial analyses 
of the kaolin from these pits, made with the raw material. Some, 
however, made by Professor F. Giolitti, for the Ansaldo Co., who 
utilise large quantities of Furtei kaolin to manufacture refractory 
materials for the furnaces of steel works, are not without scientific 
interest. According to these analyses, the kaolin from the various 
pits is practically free from alkali, lime, and magnesia. Iron oxide, 
in the form of ferric oxide in the calcined clay, is never more than 
1-85 per cent., and usually only exists in traces; silica, always in 
the calcined clay, varies from 57 to 68 per cent.; alumina, 30 to 43 
per cent. The loss at red heat is 5 to 7-5 per cent. Without dwelling 
further on these analyses, interesting from different points of view, 
reserving their study until there are more complete analyses made on 
a different basis, it may now be concluded that, at least in most cases, 
decomposition of the primitive rock, presumably rich in alkali, and 
certainly not without perceptible percentages of lime and magnesia, 
was really profound. The application of kaolin of this description for 
the manufacture of refractory products presents many features of 
interest. The Furtei pits were opened up in 1917, and the output is 
about 10,000 metric tons per annum. 


Magnesite.—G. Castelli, Italian Magnesite Deposits (Rassegna 
Mineraria, 1924, vol. 60, pp. 5-8). The magnesite deposits of Castig- 
lioncello, Monterufoli, Island of Elba, and Querceto are described. 
The deposits at Querceto are the most important in Italy. 


Preparation, Properties, and Tests of Refractories—R. Grun, The 
Transformation of Flint into Amorphous Quartz (Stahl und Hisen, 


= 
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July 24, 1924, vol. 44, pp. 883-887). Investigations have been made 
as to the use of flintstones as a substitute for quartzite in the manu- 
facture of silica bricks. Flintstones were crushed to pea size and burnt 
at different temperatures. Up to 1300°C. no change takes place, but 
above that point the transformation into amorphous quartz begins 
and is quantitatively complete at 1400°. The change proceeds more 
rapidly than in other quartz rocks, and is accompanied by consider- 
able increase in specific weight. In fact, a single burning is sufficient 
to bring the flint to a condition of constant volume. 

W. G. Owen, Progress in the Manufacture and Use of Clay Refrac- 
tories (Transactions of the American Society for Steel Treating, August 
1924, vol. 6, pp. 125-137). Itis pointed out that the life of a fire brick 
greatly depends upon the care exercised in furnace construction and 
the quality of the mortar used. ~Not any one grade of brick will give 
most efficient results in all places. The service encountered should 
determine the characteristics of the brick used. 

C. H. Heubling, Modern Methods of making Silica Bricks (Ton- 
industrie Zeitung, 1924, vol. 48, pp. 34-37). An improved process for 
the manufacture of silica bricks has been introduced at the steelworks 
of Esch and Stein, Duisburg. To shorten the work of crushing the 
quartzite to uniform size in an edge runner, the quartzite receives its 
preparatory crushing in a specially constructed roller crusher, and is 
then passed through a second roller crusher, leaving the edge mill to 
do no more than the final grading and mixing with lime. The edge 
mill for this purpose can be fitted with runners of a much lighter 
construction. 

C. E. Sims, H. Wilson, and H. C. Fisher, Preparation of Artificial 
Sillimanite for Refractory Uses (Paper read before the American Electro- 
chemical Society, October 1924). The experimental work leading to 
the adoption of a furnace for the preparation of artificial sillimanite is 
described. Clay was found to be peculiarly difficult to melt, but could 
be reduced to sillimanite by elimination of the excess silica. Natural 
silimanite has a different composition from the synthetic product. 
Artificial sillimanite containing excess silica is vitreous ; that with excess 
alumina is stony. The latter form has excellent refractory properties 
as compared with silica and magnesite brick. Lime is a particularly 
undesirable impurity. 

H. 8. Houldsworth, Some Properties of Clay-Sillimanite Miatures 
(Paper read before the Ceramic Society, September 1924). The author 
has studied the changes in physical and chemical properties of a clay 
when mixed with different proportions of sillimanite. Test samples 
were fired under different conditions. The results showed that the 
addition of sillimanite to clay decreases the drying and firing shrinkages 
and imcreases the ‘porosity at the higher temperatures of burning. 
A pronounced increase in refractoriness was particularly noted as the 
sillimanite content increased. Sillimanite bonded with 10 per cent. of 
ball clay has a marked resistance to chemical attack by soda-lime glasses 
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and basic slag. In the discussion following the paper the superior 
quality of sillimanite bricks for furnace linings was emphasised. 

HK. L. Dupuy, The Mechanical Properties of Refractory Products at 
High Temperatures (Revue Universelle des Mines, March 1, 1924, vol. 1, 
pp. 323-327). If the curve, temperature-crushing-load be examined 
for a number of different refractories, it will be-found that these range 
themselves into two categories. In the first, which includes silico- 
alumina, silica, and alumina bricks, the crushing load, after falling 
slightly in proportion as the temperature increases, rises suddenly in 
the vicinity of 1000° C., and then falls again until fusion is complete. 
The second category, which comprises most of the magnesia products, 
and ferro-chrome, is characterised by the absence of this maximum. 
In some experiments where the maximum resistance to crushing was 
found to be in the vicinity of 1000° C. it was found that a certain amount 
of strength was regained during cooling, which seemed to show that 
some of the constituents had fused during the tests. It was thought, 
therefore, that the phenomena might depend upon the presence of pasty 
matter, and that a refractory, at that temperature, might be regarded 
as consisting of two substances having different properties, and re- 
sembling, somewhat, a sponge containing more fluid particles. This 
view was borne out by experiment, and the somewhat paradoxical 
result arrived at, that as an exceedingly important factor is the rate 
of heating, the softening point will, if the rate of heating be rapid, be 
accompanied by an increase of the crushing strength. To comply with 
practical considerations, the rate of heating, in such tests, should therefore 
be.slow. 

M. L. Hartmann and O. B. Westmont, Physical Characteristics of 
Specialised -Refractories (Paper read before the American Electro- 
chemical Society, October 1924). Thermal conductivity measurements 
up to 1350° C. of silicon carbide refractory materials were made, using 
the water calorimeter method. Data were secured on furnace walls, 
such as those commonly used in practice, and results are believed to 
be accurate to within about 1 per cent. Conductivity measurements 
were made on seven carborundum single walls and on eight carbor- 
undum-fireclay composite walls. The relation of the thermal con- 
ductivity to temperature, chemical composition, and porosity was 
investigated, as well as the magnitude of the surface and joint effects. 
The conductivity of carborundum refractories was found to vary with 
the quantity of heat energy transmitted through the wall. Tables 
are given showing the coefficients of thermal conductivity and heat 
flow through various types of walls, with a temperature of 1500° C. 
in the combustion chamber. 

O. A. Hougen, Selection Factors in Choosing Refractories for 
Industrial Plant Use (Chemical and Metallurgical Engineering, May 12, 
1924, vol. 80, pp. 737-741). The physical and chemical properties of 
refractory materials are tabulated, as a guide for the selection of 
refractories for industrial uses. 
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A. J. Dale, Relation between Ordinary Refractoriness, Underload 
Refractoriness, and Composition, Physical and Chemical, of Refractory 
Material (Gas Journal (Supplement), July 9, 1924, vol. 167, pp. 18-23). 
Briquettes of raw clays containing 0, 20, 40, and 60 per cent. of grog, 
were moulded and fired at cones 13-14. It was found that the tem- 
perature at which subsidence begins under load is independent of the 
grog content, but that there is a variable range of temperature between 
the commencement of under-load subsidence and complete failure. 
With one exception the temperature at which complete breakdown 
occurred under load was lower with bricks containing grog than with 
the straight clays. The greater the proportion of grog the more 
rapid and the greater was the subsidence. 

F. J. A. Dejardin, Pyrometric Tests of Refractory Clays (Revue 
Universelle des Mines, April 1, 1924, vol. 2, pp. 49-55). Most writers 
on the subject of Seger cones confine themselves to theoretical con- 
siderations, and leave the practical details respecting their use un- 
described. The user has therefore to proceed empirically by a method 
of trial and error. A more exact method of procedure is described, 
including detailed instructions for making and calibrating the cones. 
What such cones are used for will depend upon the particular industry 
in which they are employed, and the results themselves will vary to 
some extent with the specific object sought. They can be used to 
determine a fairly large range of properties and to control various 
processes. 

P. Gilard, The Reversible Thermal Dilatation of Refractory Materials 
(Revue Universelle des Mines, April 15, vol. 2. pp. 83-89). A transla- 
tion of the article by H. 8. Houldsworth and J. W. Cobb (Journal of 
the American Ceramic Society, May 1923, vol. 6, pp. 643-662 ; abstracted, 
Journal of the Iron and Steel Institute, 1923, No. I. p. 610). 

G. EH. Merritt, Application of the Interferometer to Measurements of the 
Thermal Dilatation of Ceramic Materials (U.S. Bureau of Standards, 
1924: Scientific Paper No. 485). An interference method and ap- 
paratus for measuring the thermal expansion of ceramic materials are 
described. The samples in the form of small pins 0-5 to 10-0 milli- 
metres in length are placed between two fused quartz interferometer 
plates and heated in an electric furnace. The elongation of the 
samples is determined from the numbers of interference fringes that 
pass reference marks on the interferometer plate while the sample is 
being heated. A change in length of the sample of 0-025, or one- 
millionth of an inch can be easily detected. 

W. J. Rees, True Specific Gravity and After Expansion of Lime- 
bonded Silica Bricks (Paper read before the Ceramic Society, September 
1924). The author describes experiments made on the connection 
between the true specific gravity, or powder density, and the after 
expansion of certain bricks. There was found to be a sufficiently close 
relation for practical purposes in the case of bricks of fine or medium 
texture. It was also concluded that the grading of the raw material 
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had a greater influence on the rate of quartz conversion than variations 
in the source or type of the raw material itself, 

W. Hugill and W. J. Rees, A Rapid Method for the Determination 
of True (or Powder) Specific Gravity (Paper read before the Refractory 
Section of the Ceramic Society : Engineering, October 3, 1924, vol. 
118, p. 482). A method is described for determining the specific 
gravity of crushed refractory bricks. The results indicate that 
accuracy to + 0-01 can be expected from the method, provided that 
the crushed brick is dried. 

K. E. Pressler, Comparative Tests of Porosity and Specific Gravity 
on Different Types of Refractory Brick (Journal of American Ceramic 
Society, June 1924, vol. 7, pp. 447-451). In order to study the relative 
values of porosity and specific gravity obtained by different methods 
comparative tests were made upon several types of refractory bricks. 
Apparent porosity is obtained directly by the water absorption and 
air expansion methods. Total porosity is calculated from the true 
specific gravity, and apparent specific gravity is calculated from the 
observed porosity values. The results show that the air expansion 
method affords a more accurate means of measurement of open pore 
space in bricks than the water absorption method. Silica and 
magnesite bricks were found to have no pores sealed to the air expan- 
sion effect, but a certain percentage of pore volume remained sealed 
to water penetration effect. 

P. Desmasure, Behaviour of Refractory Material on Heating 
(Bulletin de la Fédération des Industries Chimiques de Belgique, 
1924, pp. 184-193, 238-256). The author discusses the effect of the 
mechanical and chemical composition, and the physical state of the 
material on the fusibility and hot crushing strength of refractory 
materials. i 

F. R. Ennos and A. Scott, Refractory Materials : Fireclays, Analyses 
and Physical Tests (Geological Survey, Special Reports on the Mineral 
Resources of Great Britain, vol. 28, London, H.M. Stationery Office). 

L. J. Trostel, Notes on a Comparative Test of Quicklimes for Silica 
Brick Manufacture (Journal of the American Ceramic Society, June 
1924, vol. 6, pp. 452-454). 

W. J. Rees, Storage of Silica Refractories (Paper read before the 
Refractory Section of the Ceramic Society: Engineering, October 3, 
1924, vol. 118, pp. 481-482). Attention is drawn to the fact that the 
neglect to exercise care in the storage of silica bricks may cause con- 
siderable changes, particularly in the mechanical strength and spalling 
tendency. A batch of silica bricks which had been stored in the open 
for six months showed a crushing strength of 2200 lbs. per square inch, 
while freshly delivered bricks of the same make had a cold crushing 
strength of 3000 lbs. per square inch. There are definite indications 
that the loss in strength is in part due to a slight degradation of the 
bond by hydration and solution in water, as well as to the physical effect 
of frequent wetting and drying. Detailed results of tests are included 
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in the paper. Little or no distinction was observable in the behaviour 
of coarse and fine textured specimens, but in both cases those burned at 
higher temperatures were more resistant to the water attack. 

W. Hugill and W. J. Rees, The Influence of Exposure on the Chemical 
and Physical Properties of Certain Fireclays (Paper read before the 
Ceramic Society, September 1924). Exposure to the weather removes 
impurities in the clay to a variable extent, depending on their chemical 
and physical characteristics. It improves the working properties of 
silicious clays, but in the case of aluminous clay, though some im- 
purities are removed, the general properties, especially the workability, 
are not materially improved by exposure. 

P. Gilard, Action of Carbon Monoaide on Refractory Bricks (Revue 
Universellé des Mines, December 1923, vol. 19, pp. 329-336). A 
summary of certain recent investigations on the subject. The dis- 
integration of refractory bricks subject to the action of carbon 
monoxide is due to the swelling caused by carbon deposition within 
their interstices in accordance with the reaction 2CO = CO, + C at 
temperatures of about 550°C., particularly when iron is present to 
act as a catalyser. The work of Nesbitt and Bell is discussed, together 
with that of O’Hara and Darby, so far as blast-furnace bricks are 
concerned, and the relative behaviour of silica brick, magnesia brick, 
and carborundum are compared. The latter is not disintegrated in 
these conditions, nor is chrome brick, because of the very small amount 
of free iron oxide present. . 

M. Hersey and EH. Britzler, Determination of Thermal Conductivity 
of Refractories (Journal of Washington Academy of Sciences, 1924, 
vol. 14, p. 147). Calculations are given for determining the thermal 
conductivity of refractories with special reference to Georgia fire- 
bricks. 

F. C. Nonamaker, Technology of Zirconium and its Compounds 
(Chemical and Metallurgical Engineering, July 28, 1924, vol. 31, 
pp. 151-155). The chemical behaviour of zirconium, its separation 
and purification, technical applications, the use of zirconia as a re- 
fractory, and application of other zirconium compounds are dealt with. 
The oxide has a melting point of about 2900° C. and is an excellent 
material for furnace linings and crucibles. The most extensive 
use of zirconia as a refractory is probably its employment in the 
form of crude zirkite, either as bricks or a mortar for blast-furnace 
linings. 

W. J. Rees, Alumina-Silica Minerals in Firebricks (Paper read 
before the Ceramic Society, September 1924). Five different firebricks 
were examined as received, and subsequently after refiring at high 
temperatures. By treating small samples with pure hydrofluoric acid 
the free silica was removed and the residual minerals were analysed. 
The composition of the insoluble portions in all cases approximated more 


or less closely to that of the mineral mullite, corresponding to the 
formula 3A1,0,, 28i0.. 
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_ Heat Transmission of Furnace Walls.—Influence of the Rate of Trans- 
massion of the Heat of a Wall to a Fluid (Chaleur et Industrie, January 
1924, vol. 5, pp. 38-40). This is a summary and commentary on the 
controversy between H. Preussler (Stahl und Eisen, 1921, vol. 41, 
p. 827) and Nusselt (Stahl und Hisen, 1923, vol. 43, p. 458) on the 
laws of heat transmission between walls and fluids as enunciated 
by Dieterlen (Chaleur et Industrie, June, July, August, September, 
October, and November 1921). Preussler denies that the heat trans- 
mission increases with the speed at which the gases traverse the system. 
Nusselt, on the other hand, contends that when the rate is increased, 
both the temperature of the air and the amount of heat transmitted per 
unit of heating surface increase, notwithstanding that the air remains 
a shorter time in the apparatus. 

Equations are given establishing the paradoxical result that when 
the diameter of the channels is reduced, that is to say when the heating 
surface is less, the heat transmitted becomes (in cases where the volume 
of the air remains a constant) greater and the air is heated more quickly. 
This important result is due solely to the beneficial influence of the 
rate of speed upon the coefficient of heat transmission itself. Further 
work by Nusselt, in conjunction with Jiirges, has since become available 
and confirms these results (Gesundheits-Ingenieur, 1922, p. 641). 

M. Laffargue, Calculation of Continuous Thermal Hachanges (Chaleur 
et Industrie, March 1924, vol. 5, pp. 133-137). 

R. Calvert and L. Caldwell, Loss of Heat from Furnace Walls 
(Industrial and Engineering Chemistry, May 1924, vol. 16, pp. 483-490). 
The paper is one of a group of papers forming a symposium on the 
subject of heat transfer and transmission of heat through metals and 
insulating materials. The construction and method of working of 
a thermal conductivity cell for the measurement of the thermal 
conductivity of different materials is illustrated and described. Tests 
on furnaces with uninsulated walls and walls insulated with different 
srades of silocel show that the insulated wall loses 40 per cent. less 
feat than the uninsulated wall at temperatures of 980° to 1000° C. 
A layer of silocel of 1-5 inch thick has an insulating value equivalent 
approximately to 9 inches of firebrick or silica brick. The surface 
emissivity of a wall as affected by its colour, texture, or composition is 
only a small factor in heat losses from high temperature furnaces, and 
it is-the temperature gradient between the inside and outside faces of 
the furnace wall that determines the heat loss. The higher the tem- 
perature of the furnace, the more effective is a layer of insulation in 
preventing loss heat. 
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I.—CALORIFIC VALUE. 


Calorimetry.—C. de la Condamine, Direct Determination of Calorifie 
Values of Solid and Liquid Fuels (Chaleur et Industrie, February 1924, 
vol. 5, pp. 85-91). A description of the principles and apparatus 
employed in calorimetric determinations by the Mahler bomb method. 
The details of a number of determinations by this method are given, 
and the formule involved are explained and illustrated by means of 
practical examples. 

C. Berthelot, Standardisation of the Methods of Testing Coal, Metal- 
lurgical Coke, and Briquettes (Chimie et Industrie, May 1924 (Special 
Number), pp. 167-207). 


Fuel Economy.—Sir Robert Hadfield, Fuel Economy and the 
Measurement of High Temperatures (Paper read before the World Power 
Conference: Iron and Coal Trades Review, August 15, 1924, vol. 119, 
pp- 273-274). The first section of this paper forms an introduction 
recalling the importance of fuel economy during the late war and the 
post-war period. The second section is devoted to a survey of the 
fields where pyrometry has enabled accurate heat balances to be 
obtained for steam boilers, forge furnaces, furnaces for the heat treat- 
ment of steel, and steel melting furnaces. The remainder of the paper 
deals with temperature colours. 

Eahibition of Industrial Heating (Chaleur et Industrie, April 1924, 
Supplement). A full account of the organisation, proceedings, and — 
exhibits at this exhibition, held in Paris at the Conservatoire National 
des Arts et Métiers, from June 1 to 17, 1924. 

A. Cornu-Thenard, Tenth Report of the Committee for the Utilisation 
of Fuel (Bulletin de la Société d’Encouragement, October 1923, vol. 135, — 
pp. 1029-1052). A summary of the coal consumption in the heavy 
industries, and more especially in the iron and steel trades in France. 
Details are given of the amount of fuel used in various stages of the 
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manufacture of iron and steel, and heat balances are given showing the 
proportion used in practice, and the theoretical requirements at coke- 
ovens, in blast-furnaces and Cowper stoves, in open-hearth furnaces 
and in gas-producers, and finally in the subsidiary operations of rolling, 
and in the mill reheating and finishing furnaces. 

W. S. Coates, Utilisation of Low-Grade and Waste Coals in Power 
Production (Journal of Society of Chemical Industry, May 23, 1924, 
vol. 43, pp. 157-163T). The author defines the coals classed as low- 
grade and waste and describes the mechanical stokers of the Babcock 
and Wilcox and of the Underfeed Stoker Company’s types which have 
been designed for firing with these coals. Means are suggested for 
maintaining a high efficiency in boiler plants and a brief account is 
given of the central and unit systems of pulverised coal firing under 
boilers. 


Combustion of Fuel.—G. EH. Scholes, The Combustion of Fuel (Trans- 
actions of the Liverpool Engineering Society, 1923, vol. 44, pp. 322-364). 
The author deals with the principal methods and apparatus used for 
determining the percentage of carbon dioxide in the products of com- 
bustion of various kinds of fuel. A brief résumé of the chemical 
reactions involved in the combustion of fuels is appended. 

A. Linguet, Considerations relative to Heat Balances (Chimie et 
Industrie, November 1923, vol. 10, pp. 829-835). The drawing up of 
heat balances enjoys a certain vogue, and by its mathematical char- 

,acter appears to afford a valuable means of ascertaining how economies 
can be effected in industry. It is doubtful whether, however, in view 
of the diversity of the factors and their complex nature, the reliance 
placed on heat balances, as commonly drawn up, is justified. The main 
factors of the problem are stated and the chemical reactions involved 
in combustion discussed. Examples are given of the paradoxical 
results which may be derived from the classical treatment of the 
subject. The estimation of carbon dioxide, oxygen, and carbon 
monoxide alone may lead to the most misleading results. Instances 
are given of how certain data are to be interpreted if the results are 
to be really trustworthy, and directions are given for methods of gas 
analysis which may serve to eliminate some of the errors commonly 
introduced in such processes. The constitution of the gases during 
any given period of burning coal fails to give a true indication of what 
is happening, as it is affected by the conditions prevailing previous to 
the actual sampling. The burning of the fixed carbon yields gaseous 
products which mask the true nature of the gaseous products due to 
the combustion and distillation products of the volatile matters, and 
this consideration suffices to vitiate many of the conclusions which are 
often drawn from considering the bulk gases as representative of heat 
and chemical reactions actually occurring. 

G. T. Southgate, Boosting Flame Temperatures with the Electric 
Are (Chemical and Metallurgical Engineering, July 7, 1924, vol. 31, 
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pp. 16-19). An account of a newly developed method of increasing 
the heat available from fuel combustion by the application of electricity. 
The pyrelectric process has been applied in typical operations of melting 
and smelting. A description of the furnace employed and applications 
of the process are described. 


Pulverised Coal.—E. Audibert, Hxaperimental Investigations on the 
Combustion of Pulverised Coal (Revue de |’ Industrie Minérale, Mémoires, 
January 1, 1924, pp. 1-32). Early attempts to use pulverised coal 
directly in the combustion chamber or hearth led to the formation of 
black smoke, which showed that much of the fuel was not consumed. 
Experiments were carried out on the injection, from suitable injectors, 
of the dust into brick chambers which had previously been heated to 
a high temperature. In such chambers the proper reactions can take 
place with ease, and useful conclusions as to the best means of em- 
ploying powdered fuel, and an insight into the laws governing its 
combustion, are drawn from the experimental results obtained. 

J. A. de Grey, Experiments on Powdered Fuel and the Combus- 
tion of Pulverised Coal (Chaleur et Industrie, January 1924, vol. 5, 
pp. 23-26). An account, with details and formule, of experiments 
carried out at the testing station at Liévin before the war, and sub- 
sequent investigations at Montlugon. The principles governing the 
design of burners, the speed of the pulverised coal through the burners 
and on emerging therefrom, the most efficient grouping of the burners 


themselves and the shape and size of the combustion chambers are ~ 


first described, after which formule are given for ascertaining, in 
given mixtures of pulverised fuels ranging from low grade to all-coal 
mixtures, the inflammability, and therefore the limit of safety, and 
the conditions in which such mixtures can be used. Mixtures of 
pulverised coal and low-grade gases are also discussed. 

C. Roszak, Physical Properties of Powdered Coal of Varying Degrees 
of Fineness and the Distribution of Ash and Volatile Matter among the 
Fractions of Different Size (Fuel, 1924, vol. 3, pp. 161-165). When 
coal is crushed to varying degrees of fineness, the finer particles contain 
more and the coarser particles less ash than the average sample. The 
increase in ash content with increasing fineness is also apparent in the 
colour of the fractions. The content of volatile matter usually decreases 
with increasing fineness, but this diminution does not always correspond 
with the increase in ash. 

K. Kreisinger, J. Blizard, C. E. Augustin, and B. J. Cross, Investi- 
gation of Powdered Coal as Fuel for Power Plant Boilers (U.S. Bureau 
of Mines, 1923, Bulletin 223, 92 pp.). The report gives the results of 
an extensive series of tests made on’a 468{horse-power Edge Moor boiler 
fired with pulverised Illinois coal. 


D. Brownlie, Pulverised Fuel and Efficient Steam Generation (Journal 


of the Institution of Electrical Engineers, 1924, vol. 62, pp. 385-418). 


The author gives a detailed description of the latest developments in 
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the use of pulverised coal for steam generation. He describes the 
installation at Lakeside Station, Milwaukee, giving working costs and 
also the River Rouge plant of the Ford Motor Company at Detroit. 

C. H. 8. Tupholme, The Use of Pulverised Fuel in. Malleable 
Foundries (Foundry Trade Journal, September 11, 1924, vol. 30, 
pp. 214-215). The factors involved in the application of pulverised 
fuel firing to malleable iron furnaces are discussed. 

Pulverised Coal for Malleable Furnaces (Iron Age, June 5, 1924, 
vol. 113, pp. 1633-1635). An illustrated account describing the 
application of pulverised fuel to malleable furnaces at an American 
foundry. 


Fusibility of Coal Ash.—F. S. Sinnatt and N. Simpkin, Melting 
Point of Coal Ash (Lancashire and Cheshire Coal Research Association, 
1924, Bulletin No. 15). The authors have devised a method for the 
determination of the melting point of coal ash, so that it may be carried 
out on as little as 0-2 gramme of the ash. The melting point of the ash 
from the separated four constituents of coal—vitrain, clarain, fusain, 
and durain—differs in different seams and in different horizons in the 
same seam within wide limits, and bears no apparent relation to its 
chemical composition. 


Il.—COAL. 


Africa.—M. D’Oulhaye, Coal in the Congo (Revue Universelle des 
Mines, December 1923, vol. 19, pp. 141-142). A note on the Katanga 
deposits, one of which occurs in the Tanganyika district, and the 
other near Bukama, on the Luena. The Tanganyika deposits con- 
sist of five seams and aggregate a thickness of over 16 feet. The coal- 
field has a considerable area, and the amount available is estimated 
at over 1,000,000,000 tons. With the development of the region, 
which is healthy, populous, and fertile, an output of 100,000 tons per 
annum is probable. Much of the coal can be got through adits and 
opencast workings. ‘The calorific value is 5500 to 6000 calories ; 
the fixed carbon 42 to 45 per cent. ; the volatile matter 34 to 40 per 
cent., while the ash varies from 12 to 20 per cent. In mixtures with 
Luena and Rhodesian coal it cokes readily. meer 

A. D. N. Bain, Udi-Okwoga Coalfield (Geological Survey of Nigeria, 
1924, Bulletin No. 6). The author describes the Emugu area of the 
Udi-Okwoga coalfield, which was discovered in 1909. The coal is 
made up of alternate dull and bright layers; it has a well-developed 
cleat and is non-caking. There are five persistent coal-seams, the 
thickness of which varies from 4 to 64 inches. Recent: experiments 
carried out in England indicate that it is not impossible to make a 
coke of metallurgical value from Nigerian coal. 

H. B. Maufe, Coal Resources of Southern Rhodesia (Paper read 


344 THE IRON AND STEEL INDUSTRIES. 


before the World Power Congress, London, July 1924). The coal 
resources of Southern Rhodesia are estimated at 6814 million tons, 
of which 98 per cent. is suitable for steam-raising. The character- 
istics of the coal at the Wankie Colliery, which is the only producing 
coal-mine, may be gathered from the following analysis of eighty-eight 
samples: Moisture, 0:76; volatile and organic matter, 23-77; fixed 
carbon, 65-70; ash, 9-77 per cent. The Wankie coal produces a 
satisfactory metallurgical coke. The plant of the Wankie Colliery 
Company consists of 140 Coppee retort ovens and 26 beehive ovens. 
An analysis of the coke is as follows: Moisture, 1-12; volatile and 
organic matter, 2-05; fixed carbon, 83°63; ash, 13-20; sulphur, 
1-15 per cent. 


Bulgaria.—D. A. Wray, Mineral Resources of Bulgaria (Mining 
Magazine, 1924, vol. 30, p. 73). Within the last ten years the output 
of coal in Bulgaria has been more than doubled, and now exceeds a 
million tons per annum. Anthracitic coal is worked on a small scale 
to North Western Bulgaria, but the ash content is high. Bituminous 
coals are also worked on a small scale in the same region, but the chief 
bituminous area is in the Central Balkan range, north of Kazanlik, 
and Siliven. The coal is of a friable nature, but it is an excellent 
coking coal, producing high-grade briquettes. Bulgaria is compara- 
tively rich in lignites of Tertiary Age. The principal mines, those at 
Pernik and Bobovdol, west of Sofia, are worked by the State. 


Canada.—B. Rose, Structure in the Crowsnest Coal Area, Alberta 
(Monthly Bulletin of the Canadian Institute of Mining and Metallurgy, 
October 1924, No. 150, pp. 609-619). The author outlines the geology 
of the Crowsnest coal area, and briefly discusses some of the structural 
problems which are encountered in locating and mining the coal-seams. 

R. J. Lee, The Lignites of Saskatchewan (Transactions of the Canadian 
Institute of Mining and Metallurgy, 1923, vol. 26, pp. 192-205). The 
only part of Saskatchewan that has been systematically examined 
for lignite is that portion known as the Souris Valley, and its sur- 
rounding districts. In this district there are four seams being worked, 
which vary in thickness from 34 to 15 feet, with an average thickness 
of 8 feet. There are, however, three other coal areas which are prob- 
ably as extensive as that of the Souris Valley. The most promising 
method for increasing the value of the coal consists in a low temperature 
carbonisation followed by a briquetting of the residue. An investiga- 
tion of this method has been carried out in the laboratory and on a 
semi-commercial scale. 


China.—C. C. Wang, The Coal-Field of Tatung, Shansi (Bulletin of 
the Geological Survey of China, October 1921, No. 3, pp. 71-74). 
The stratigraphy, structural geology, and coal resources of this field 
are briefly described. ; 
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L. F. Yih, The Geology of Hsi-Shan or the Western Hills of Peking 
(Memoirs of the Geological Survey of China, Series A, No. 1, February 
1920). A detailed account is given of the coal-fields of this region, 
together with a summary of the occurrences of iron ore and other 
minerals. 

T. O. Chu, Geology of the Lei-Yang Coal-Field, Hunan (Bulletin 
of the Geological Survey of China, October 1921, No. 3, pp. 75-77). 

H. C. T’an, Geology of the Tzu-Ch’llan Po-Shan Coal- Field, Shantung 
(Bulletin of the Geological Survey of China, October 1922, No. 4, 
pp. 81-90). 


France.—H. Pagezy, Note on the Lignite Resources of Herault and of 
Aude (Annales des Mines, 1923, vol. 4, pp. 341-366). Numerous de- 
posits of lignite occur in both these Departments, and their occurrence 
has been known for many years. During the war the scarcity of fuel 
led to their further exploitation. The geology of the deposits is briefly 
described. The largest occurs at Montoulieu, and lignite also occurs 
not far from Montpellier. The lignite from the former beds contains 
17-8 per cent. of ash, and is estimated at a million tons, with probable 
reserves varying from four to eight million tons. The Montpellier 
deposits are very high in ash, some of them reaching as much as 40 per 
cent. Probably the most important deposits are those which occur 
in a third region, not far from Carcassonne. The volatile matter in 
these lignites is 46-2 per cent., with 35-8 per cent. of fixed carbon, 
and 14-6 per cent. of ash. The sulphur is high, being returned as 
9-7 per cent. 


Germany.—Frezouls, The Rhenish Ingnite Industry (Revue de 


~VIndustrie Minérale, Mémoires, November 15, 1923, pp. 627-666 ; 


December 1, pp. 675-700 ; December 15, pp. 709-730; January 15, 
1924, pp. 34-53). An exceedingly detailed account of the lignite 
or brown-coal industry of the Rhine. Part I. deals with the classi- 
fication, composition, and properties of lignite ; its geological formation 
and a description of the Cologne field. Part II. deals with the method 
of mining, both by open cast and underground workings. Part III. 
describes the washing, drying, grading, and briquetting of the coal; 
while Part IV. is devoted to a consideration of working costs, out- 
puts, and selling prices. While chiefly the brown-coal deposits are 
dealt with, the term lignite is applied to all the tertiary deposits found 
in the Rhine province. The brown-coal is characterised by high 
moisture contents (50 to 60 per cent.), low calorific power (1800 to 
2000 calories), and the property of caking without the addition of tar 
or other agglomerant. The chief combustible minerals of the tertiary 
age comprise sapropelite, the product of vegetable decay out of contact 
with air; humus rock, which constitutes the greater part of lignite, 
properly so-called, and liptobiolith, which comprises waxes and fossil 
resins. The varieties of sapropelite recognised are Blatterkohle (foliated 
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lignite), which falls into flakes on drying ; Kieselkohle, an impregnated 
sandstone; Oelschiefer, or bituminous schist; Schieferkohle, or 
schistic lignite; Stinkkohle, a badly smelling lignite; and Alaunkohle 
and Alaunton, which are respectively lignites and clays rich in alum 
and worked for their yield in that salt. The ultimate structure, 
micro-constituents, and chemical composition of various lignites are de- 
scribed, their chemistry being minutely detailed. The geological and 
geographical distribution of the chief lignite or brown-coal deposits 
of Central Europe are also described, and illustrated with maps and 
diagrams, and the thickness and depth of the chief seams in the Cologne 
bed are likewise tabulated, the nature of the roof and floor being given, 
together with an account of the fossils encountered. The section 
devoted to methods of mining and that dealing with the processes 
of preparing the coal for market, briquetting, &c., are likewise minutely 
detailed, the descriptions being accompanied by copious illustrations 
of the plant and appliances employed. 


Great Britain—C. H. Lander, Physical and Chemical Survey of 
the National Coal Resources of Great Britain (Paper read before the 
World Power Conference, London, July 1924; Iron and Coal Trades 
Review, July 4, 1924, vol. 109, pp. 7-8). s 

M. MacGregor and EH. M. Anderson, The Economic Geology of the 
Central Coal-Field of Scotland, Area VI. (Memoirs of the Geological 
Survey of Scotland, Edinburgh, 1923). This Memoir deals with the 
sixth and largest of the nine areas into which the Central Coal-Field of 
Scotland has been divided for the purpose of detailed geological descrip- 
tion. Area VI. comprises the eastern and south-eastern margins of the 
Lanarkshire Basin, and includes such important coal-mining districts 
as Bathgate, Wilsontown, Fauldhouse, Shotts, Harthill, Armadale, and 
Westcraigs. 


Ireland.— Exploitation of an Ulster Coal-Field (Engineering, August 1, 
1924, vol. 118, p. 175). A coal area of considerable promise has lately 
been developed in the district known as Coal Island, near Lough Neagh, 


50 miles by rail or canal from Belfast. Boring operations revealed’ 


the existence of a good bituminous coal-seam at a depth of 433 feet, 
and two shafts have now been sunk to a depth of 1070 feet. Within 
the depth of the shafts there are no fewer than twelve coal-seams, 
the thickest of which, at a depth of 542 feet, measures 9 feet 6 inches in 
thickness. A yield of 100,000 tons of coal per annum for a period of 
four years is anticipated, but there is much coal in the surrounding 
basin which has not yet been fully surveyed. . 


Jugo-Slavia.—M. Dolch, A Study of the Coals of Jugo-Slavia (Montan- 
istische Rundschau, June 1, 1924, vol. 16, pp. 261-265). The occurrences 
of coal in Jugo-Slavia are noted, and analyses of the coals being worked 
in various mines are given. 
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United States—W. T. Lee, Coal Resources of the Raton Coal-Field, 
Colfax County, New Mexico (United States Geological Survey, 1924, 
Bulletin 752). An account is given of the general geological features 
and the coal resources of the developed part of this coal-field. 


Coal Resources of the World.—Sir Richard Redmayne, Coal Re- 
sources of the World (Paper read before the World Power Conference, 
London, July 1924; Iron and Coal Trades Review, J uly 4, 1924, 
vol. 109, p. 7). The author points out that coals of the highest 
quality exist in America and Europe, and that America has coal 
resources far exceeding those of the whole of the rest of the world. In 
respect of the duration of supplies on the present basis of production, 
the North American resources, and more especially those of the United 
States, will outlast all other countries, for her supplies will probably 
suffice for 2000 years. Of the other great producing countries Great 
Britain does not stand anything like so well in point of the duration 
of her supplies, for at the present rate of production Great Britain’s coal 
life will not exceed at most 600 years, and if only the coal existing to a 
depth of 4000 feet is taken into consideration, it is doubtful whether 
the supply will suffice for much more than 450 years. Particulars are 
included showing the world’s resources of the different classes of coal. 


Constitution and Chemistry of Coal—J. Roberts, Origin of Anthra- 
cite (Proceedings of the South Wales Institute of Engineers, 1924, 
vol. 40, pp. 97-138). According to the author, anthracite is a natural 
product of low temperature carbonisation, the original substance 
having consisted of bright coal of low ash content, which subsequently 
attained a temperature of 500-550° C. in the earth’s crust. The close 
similarity between semi-coke produced at 500° and anthracite, both 
in regard to properties and behaviour under thermal and chemical 
treatment, support this view. 

HK. Audibert and A. Raineau, Modern Theories on the Chemical 
Constitution of Solid Fuels (Revue de l’Industrie Minérale, Mémoires, 
March 15, 1924, pp. 127-172; Chimie et Industrie, February 1924, 
vol. 11, pp. 229-247). Ignorance of the nature and chemical constitu- 
tion of solid fuels has in the past led to most of the methods of com- 
bustion being purely empirical, the true nature of the reactions involved 
being imperfectly understood. Instead of attempting to determine, 
from the fuel as it actually exists, which is an end product of innumer- 
able synthetic reactions, the nature of these constituents, the author em- 

loys an inverse process of reasoning, and seeks to ascertain the method 
by which they have been built up from their component elements. 
Coal, for example, is of vegetable origin, and the vegetable material 
from which it has been evolved is of essentially the same chemical 
description as the vegetation of the present day. The reactions and 
processes of the present will therefore resemble those of the past, and 
their investigation will throw a light on the complex constitution of 
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existing fuels. Peat and lignite represent intermediate stages in the 
evolution of coal, and must be studied accordingly. Broadly speaking, 
the original substances from which coal has been derived consist, as 
to roughly 5 per cent., of waxes and resins. 60 to 75 per cent. consists 
of carbon hydrates, and 25 to 30 per cent. is lignose. These figures 
refer to the solid constituents of vegetal matter, and do not include 
water. An attempt is made to trace, through a study of their 
decomposition products and reactions, the chemical constitution of 
the resulting coal. Numerous constitutional formule and molecular 
diagrams accompany the text, the main headings of which are: the 
carbon hydrates; the lignoses; the humic acids; the transition of 
vegetable matter to humic bodies, and of humic acids to humates; and, 
finally, the part played by the associated waxes and resins in the 
sequences of reactions which have determined the ultimate result. 

Connerade, A Scientific Study of Coal (Revue de I’ Industrie Minerale, 
Comptes Rendus, March 15, 1924, pp. 51-56) deals with the same sub- 
ject from a somewhat different angle, his object being more to ascertain 
the value the constituents may possess as raw materials in technical 
industries. 

C. N. Kemp, The X-Ray Analysis of Coal and a New X-Ray Examining 
Unit (Journal of Society of Chemical Industry, July 18, 1924, vol. 43, 
pp. 234-235T). The methods of research applicable to the investiga- 
tion of coal by X-rays resolve themselves into three main groups: 
(1) Bombardment of the material by rays of known penetrating power 
and intensity, and observation of the possible modifications effected. 
(2) Examination by radioscopic and radiographic methods of the 
general nature and distribution of the extraneous matter in coal. 
(3) Examination of the elementary crystalline constituents of the coal 
substanes, and of its fixed or free mineral content, by X-ray diffraction. 
An outstanding feature of X-ray technique as applied to coal is that 
it provides a means whereby immediate and definite information 
regarding a specimen may be obtained without altering it in any way. 
Most striking is the effect obtained by stereoscopy, whereby the inner 
structure of a totally opaque lump of coal or coke is laid bare for detailed 
examination, all the mineral impurities being seen in natural per 
spective. An examining unit of novel design consists of a steel tank, 
_ provided with a lid of insulating material, and containing a high tension 
transformer with a coolidge tube of the radiator type clamped above 
it, so that the cone of rays from the target of the tube is projected 
vertically upwards through a suitable glass or aluminium window 
situated about the centre of the lid. 

H. F. Yancey and 8. W. Parr, Sulphur Forms in Coal ; Distribution 
and Control (Industrial and Engineering Chemistry, May 1924, vol. 16, 
pp. 501-508). Whereas organic sulphur is uniformly distributed in 
coal from a given level in a mine, pyritic sulphur is very irregularly 
distributed, and to this fact is largely due the variation in the total 
sulphur. The pyritic sulphur only can be removed by mechanical 
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cleaning processes. Various types of Pennsylvania coal have been 
classified on a basis of sulphur occurrence and sulphur removal. 

J. I. Graham, Pyrites as a Cause of Spontaneous Combustion in Coal 
Mines (Transactions of the Institution of Mining Engineers, 1924, 
vol. 67, pp. 100-113). A comparison of the amount of oxidation in 
coal due to pyrites and due to carbonaceous matter, made by tests on 
a complete section of a South Wales coal-seam, shows that the main 
source of spontaneous heating is pyritic material, and that the lower 
portions of the seam will be more troublesome. The presence of 
moisture is essential to the production of heat consequent upon the 
absorption of oxygen from the air. 

T. J. Drakely and J. R. I. Hepburn, The Specific Gravity and 
Ash Content of Coal (Journal of the Society of Chemical Industry, 
August 22, 1924, vol. 43, pp. 277-278T). There is no relation between 
the true and apparent specific gravities and ash contents of clean coal 
samples from the same seam. For average coal samples, however, a 
definite relation exists which admits of mathematical expression, but 
the equation fails when the coal samples contain varying proportions 
of iron pyrites. 

G. Charpy and G. Decorps, Determination of the Oxidisability of 
Coal (Comptes Rendus, May 12, 1924). Nitric acid with a specific 
gravity of 1-30 is used as the agent for oxidising coal at a tempera- 
ture of 20°C. The results of the observation are said to be of value 
in judging the coking properties of coal. 


Occurrence and Preparation of Peat.—B. F. Haanel, Peat Resources 
of the Central Provinces and their Utilisation for Fuel Purposes (Trans- 
actions of the Canadian Institute of Mining and Metallurgy, 1923, 
vol. 26, pp. 206-241). The properties of Canadian peat are outlined, 
and the methods of utilising peat as fuel are described. 

R. Klasson, Hydro-Peat (Zeitschrift des Vereines Deutscher In- 
genieure, June 7, 1924, vol. 68, pp. 601-605). A description is given 
of a method and machinery developed in Russia for winning peat by 
the use of high pressure water jets which loosen the peat beds, and the 
peat sludge formed is then lifted by pumps and discharged on to drying 
beds, where it is chemically treated, dried, and cut into blocks. 


IiI.— COKE. 


Coke-Oven Plant.— New Wilputte Coking Plant at the Fell Coke Works 
of the Consett Iron Co., Ltd. (Iron and Coal Trades Review, May 30, 
1924, vol. 108, pp. 909-910). This plant comprises 60 ovens in one 
battery. The coking chambers and upper parts of the regenerators 
are constructed of silica brick. The battery has a throughput of 
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over 6000 tons of dry coal per week. The equipment of the ovens and 
by-product plant is described and illustrated. 

The Becker By-Product Coke-Oven (Iron and Coal Trades Review, 
August 8, 1924, vol. 109, pp. 233-234). An illustrated description is 
given of the design of this coke-oven, the chief feature of which is the 
employment of cross-over flues, each of such flues dealing with the gas 
from only a few vertical flues. An horizontal flue of small area conveys 
the gas from the vertical flues to the nearest cross-over flue. The 
small horizontal flues are arranged so as not to interfere with the 
temperature at the top of the charge, which allows this portion to be 
coked at practically the same temperature as the bottom of the charge. 
Another feature of this oven is the adjustable air port which controls 
the movement and the direction of the air coming from the regenerators 
into the oven flues. By altering these ports the air can be projected at 
a flatter or a sharper angle into the heating flue, so that they can be 
set for the ignition of the gas to take place at the most suitable eleva- 
tion, thus producing a shorter or longer flame, and any whirl of the air 
entering the flue is eliminated. 

A. Grebel, The Coke-Ovens and Recovery Plant of the Société Nor- 
mande de Métallurgie (Génie Civil, June 21, 1924, vol. 84, pp. 585-593). 
A fully illustrated description of these new works.is given, with an 
account of the operations of coking and by-product recovery. 


Preparation of Coal for Coking.—H. M. Chance, Production of High 
Grade Blast-Furnace Coke (Paper read before the American Institute 
of Mining and Metallurgical Engineers, February 1924). The author 
discusses the possibilities of securing better coking coal, and the 
utilisation of coal heretofore considered unsuitable for coking. Coals 
in which the inherent ash is high, say 10 per cent., may often consist 
of an admixture of coal ranging from 2 to 20 per cent. ash, and to produce 
from such a coal a low ash product it is therefore only necessary to 
separate the low ash coal from that of higher ash content. The results 
obtained by differential separation are outlined. Differential separa- 
tions can be made by the use of any liquid having a specific gravity 
greater than that of the coal which is to be floated and less than that 
of the coal that is to be separated by sinking in the liquid. No 
liquids or solutions suitable for making such separations on a commercial 
scale have as yet been discovered or artificially produced. The nearest 
approach to such liquid is a mechanical mixture of sand and water, in 
which the sand is kept suspended by agitation. This method of coal 
separation is known as the sand flotation process. 

T. M. Chance, Application of Sand Flotation Process to the Prepara- 
iron of Bituminous Coal (Paper read before the American Institute of 
Mining and Metallurgical Engineers, February 1924). The apparatus 
used in the washing of coal by this process is described. The general 
arrangement of a typical plant, operating results, maintenance costs, 
and estimates for the construction, operation, and capital costs, for’a 
bituminous washery are given. : 
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Manufacture and Properties of Coke.—C. Berthelot, Modern Methods 
of Working Coke-Ovens (Société des Ingenieurs Civils; Génie Civil, 
April 12, 1924, vol. 84, p. 363). The author discusses the design of 
coke-ovens and coke-oven practice. Silica bricks have lately been 
introduced for coke-oven construction in Holland and other countries, 
and have given good results, notably in enabling the coking time to be 
reduced. 

H. H. Berger, Influence of Temperature of Coking on the Properties 
of Blast-Furnace Coke (Gas- und Wasserfach, 1924, vol. 67, pp. 424-425). 
Specimens of coke were prepared on a laboratory scale, using 700 
grammes of coal in a coking apparatus to produce each specimen. Six © 
samples of coal were coked at 500°, 600°, 700°, 800°, 900°, and 1000° C. 
respectively. Determinations showed that the temperature of ignition 
and crushing strength increased with the coking temperature, the 
ignition point being dependent on the volatile matter in the coke. 
The porosity bore no relation to the temperature, but determined the 
rate of combustion of the coke. The carbon of all the cokes began to 
reduce iron oxide at 850°, the reaction attaining a maximum between 
925° and 950°, but reduction of the iron oxide by the volatile con- 
stituents of the coke took place between 600° and 700°. 

W. Mathesius, Uniform Coking Coal as a Factor in Blast-Furnace 
Economy (Paper read before the American Iron and Steel Institute, 
May 1924). A wide range of irregularity is the outstanding feature of 
the blast-furnace fuel supply at a majority of plants. Variations in 
coking ash cause a disturbance of the hearth equilibria, and accordingly 
affect the blast-furnace process. In the blast-furnace burden the 
coke is the principal source of sulphur, the satisfactory elimination of 
which, in the furnace hearth, requires a definite combination of 
temperature, slag composition, and slag volume. Every variation of 
the ash content in the coke is necessarily accompanied by a corre- 
sponding change of its carbon percentage and fuel value. Irregular 
ash content of furnace coke denotes variation in the composition of the 
coal from which the coke is produced. Charging irregular coal in the 
ovens always varies the heat requirements of the coking process, and 
therefore disturbs its thermal balance, the accurate maintenance of 
which is a most important pre-requisite to the making of physically 
uniform coke. In spite of regular heat input and otherwise best 
practice, the production of coke with variable physical characteristics 
becomes unavoidable, This physical irregularity has a serious effect 
on blast-furnace economics, because its influence is not confined to a 
disturbance of the equilibria in the furnace hearth, but extends directly 
throughout the entire furnace process. There is only one possible 
remedy, and that is the regulation of the blast-furnace fuel supply, in 
accordance with the principles of the iron ore trade. 

J. D. Davies and P. B. Place, Thermal Reactions of Coal during 
Carbonisation (Industrial and Engineering Chemistry, June 1924, 
vol. 16, pp. 589-592). Samples of different kinds of American coal 
were investigated during carbonisation, with a view to studying their 
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thermal behaviour. The method used was that of Hollings and Cobb, 
in which the rate of heating of the coal sample in a resistance furnace 
is compared with that of a sample of coke under similar conditions. 
The direction of the temperature time graph, with the coke curve as 
base line, indicates whether the reaction is exothermic or endothermic 
at any temperature. 

G. E. Foxwell, Plastic State of Coal (Fuel, April, May, July, August 
1924, vol. 3, pp. 122-128, 174-179, 227-235, 276-283). The plastic curve 
of coal is obtained by determining the pressure in millimetres of water 
required to force a given quantity of gas through a plug of coal of given 
size, packed in a tube of known cross-section, and heated to definite 
temperatures in a specially designed apparatus. For rates of increase 
in temperature of 1° to 4° per minute the general shape of the curve 
remains the same for any one coal, but if the rate of heating is altered 
the curve for the coal becomes distinctive. The faster the rate the 
greater the resistance to the passage of the gas and the higher the tem- 
perature at which the resistance becomes very low owing to the coal 
ceasing to be plastic and forming coke. The results are applied to the 
investigation of the path of travel of the gases in the coke-oven and of 
the temperature of formation and path of travel of the principal by- 
products. The general physical phenomena associated with the plastic 
state of non-coking and coking coals are discussed. 

D. J. W. Kreulen, Influence of Particle Size of Coal Samples on the 
Yield and Character of Coke and on the Ash Content (Brennstofi-Chemie, 
1924, vol. 5, p. 233). 

H. W. Anderson, What Constitutes Good Foundry Coke (Foundry, 
September 15, 1924, vol. 52, p. 717). A short discussion on the char- 
acteristics of good foundry coke. Comparative analyses of different 
cokes and the loss sustained by excessive moisture are tabulated. 

A. R. Powell and J. H. Thompson, A Study of the Desulphurisation 
of Coke by Steam (Carnegie Institute of Technology, Bulletin No. 7; 
Colliery Guardian, August 22, 29, 1924, vol. 128, pp. 484-485, 545-546). 
The results are given of an investigation of the steaming of coke. It 
was found that 10 and 15 per cent. of the total sulphur in the coke is 
removed by simple steaming at 750°C. With alternate vacuum and 
pressure treatment the desulphurisation is increased to 20 or 25 per 
cent. However, it is possible that the steaming is much more bene- 
ficial than the actual sulphur reduction indicates, since the sulphur 
removed is almost entirely taken from the surface of the coke, and this 
surface sulphur may be the part that is easily absorbed by the iron in 
the blast-furnace. The probable behaviour of coke sulphur in the 
blast-furnace is discussed. 

K. Bunte and W. Fitz, Causes of Varying Reactivity of Coke (Gas- 
und Wasserfach, 1924, vol. 67, pp. 241-243). The ignition temperature 
of semi-coke produced at 600°C. is raised by heating subsequently to 
1000°. The volatile matter in the coke is thus reduced, but this is 
not the cause of the diminished reactivity. The reason is that the 
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essential structure of the coke is formed below 600°, while still in the 
stage of semi-coke, and the subsequent heating serves mainly to render 
the coke more dense and to reduce its relative porosity, on which the 
reactivity largely depends. 

Combustibility of Blast-Furnace Coke (Revue Universelle des Mines, 
February 15, 1924, vol. 1, pp. 261-270). The translation into French 
of the paper on this subject by R. A. Sherman and 8. P. Kinney (Iron 
Age, June 28, 1923, vol. 111, pp. 1839-1844). 

F. Heyd, Structure and Combustibility of Coke (Brennstoft-Chemie, 
1923, vol. 4, pp. 339-340). The author does not agree with Schreiber 
(Brennstoff-Chemie, vol. 4, pp. 273-275) that low combustibility is 
due to the formation of graphite through the decomposition of CHy. 
In the opinion of the author, the ash-forming constituents, which are 
not combined in the coke in the same manner as in the coke ash, 
strongly influence combustibility. He assumes the presence in coke 
of $i,C,0., which would account for its hardness and low combusti- 
bility as well. On burning the coke, $i,C,0, would decompose and 
would not be detected by analysis of the coke ash. 

F. Schreiber, Reply to Criticism of F. Heyd (Brennstofi-Chemie, 
1923, vol. 4, p. 341). The author claims to prove the absence of such 
compounds as 81,C,0, in coke. He confirms the CH, graphitisation 
theory by citing the work of Bone on the decomposition of CH, and other 
hydrocarbons. 


Low-Temperature Carbonisation.—C. Berthelot, Low-Temperature 
Carbonisation, with Special Reference to Lignites (Bulletin de la Société 
d’Encouragement, January 1924, vol. 136, pp. 44-66). Low-tempera- 
ture carbonisation consists in heating a fuel slowly and uniformly to 
the temperature at which the maximum yield of tar is obtained, and 
this temperature is low in proportion to the geological age of the fuel. 
For ordinary coals it is 500° C., for lignites it is about 450°C. It is 
necessary, however, to define precisely what is meant by tar. When 
a lignite is distilled the following sequence takes place : 


Retort 
Temperatures. 


110°C. Water distils over. 

155° C. Water ceases to distil. 

190° 0. First evolution of (non-inflammable) gases. 

300°C. Oil begins to appear and the gases become 

inflammable. 

380°C. The flame of the gases become very hot and 
very illuminating. 

390° GC. The heat and luminosity of the flame decreases. 

420°C. The gas flame becomes almost non-luminous. 


Result. 


The temperature 385° to 400° corresponds with the maximum yield 
of tars. Above 500° C. little tar oil is obtained. The various products 
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are discussed and tables given of the composition of the oils, the types 
of retorts used being also briefly described and illustrated. The use 
of the Fischer rotary oven, which has been successful in Czecho-Slovakia 
in treating lignites, is recommended on general grounds, and the 
Salerni low temperature carbonisation process is also advocated. To 
sum up: low temperature carbonisation proceeds best in continuous 
ovens with considerable surface heating in narrow spaces, so that the 
fuel can be in thin layers and not heated beyond 450° in the case of 
lignite, or 500°C. in the case of coal. Such processes lead, moreover, 
to the production of good dense metallurgical coke from flaming coal. 
The solid residues from low temperature carbonisation of lignite have 
many valuable fuel applications, such as domestic uses, and for central 
heating, and the use of pulverised semi-coke from lignite for heating 
steam turbine and boiler plants will pave the way for highly economical 
production of electrical energy. 

The Piron Process of Low Temperature Carbonisation of Coal (Fuel, 
June 1924, vol. 3, p. 188). The Piron system consists of a double 
chamber furnace lined with refractory brick, and provided with an 


endless moving metal conveyor floated on molten lead at a temperature © 


not exceeding 1300° F. Powdered bituminous coal is delivered on to 
the receiving end of the conveyor, and the heat from the lead bath 
transforms the powdered coal during its ten minutes’ passage through 
the furnace into a non-adherent devolatilised sheet. This drops on 
reaching the discharge end on to a second conveyor which removes it 
for storage. Distillation chambers are provided above the conveyor, 
and the by-products are conducted to a separate plant for further 
treatment. A plant for treating 400 tons of coal a day has been 
installed at the works of the Ford Motor Company in Canada, and a 
larger one is in course of construction at the River Rouge works of the 
same company. 

C. H. Lander, Low Temperature Carbonisation (Paper read 
before the World Power Congress, London, July 1924: Iron and 
Coal Trades Review, July 4, 1924, vol. 109, pp. 9-10). The develop- 
ments and future prospects of low temperature carbonisation are 
discussed. 


C. H. 8. Tupholme, Using Internal Heating for Low Temperature - 


Carbomisation (Chemical and Metallurgical Engineering, June 2, 1924, 
vol. 30, pp. 861-863). Particulars are given of the following processes 
of low temperature carbonisation using internal systems of heating’: 
Everard Davies, Illingworth, Koppers, and Plauson. 

H. Holzwarth, A Successful Low Temperature Distillation Process * 
(Coal Industry, March 1924, vol. 7, p. 112). : 

C. Berthelot, Carbonisation at Low Temperatures as a Source of 
Hydrocarbons and of Electrical Energy (Revue Universelle des Mines, 
December 1923, vol. 19, pp. 326-328). Points out the advantages 
accruing from the richer yields due to low temperature carbonisation, 
and briefly summarises the results obtained. The following table 


er: 
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shows the difference in the distillation products obtained at 600° and 
at 900° C. respectively. 


Temperature of Carbonisation. | 

600° 0. 900 0°. | 

——— — — | a 
Spirits and benzols (kgs.)  . $ 20 8 
Heavy (Diesel) oils ,, . , 50 15 

Solid hydrocarbons _,, ; a % 4 | 

| Pitch “ : cal 8 20 

| Gas (cubic metres) . ; | 120-150 300-320 


C. Berthelot, Hatraction of Primary Tar and Crude Oils from 
Bituminous Coals and Ingnites, by Low Temperature Carbonisation 
(Génie Civil, September 6, 13, 26, 1924, vol. 85, pp. 209-213, 230-233, 
251-254). Various processes for the extraction of tar and oils are 
described, and the yield and nature of the products are considered. 

G. Paris, The Low Temperature Manufacture of Tar (Chaleur et 
Industrie, March 1924, vol. 5, pp. 127-128). An account of recent 
practice in Germany, where the loss of the Silesian coalfields has 
greatly stimulated the most efficient utilisation of the home coal sup- 
plies. Low temperature coking and tar distillation has proved highly 
advantageous, the by-products being richer and relatively more 
voluminous, while the semi-coke is also of great industrial value. 
Rotating kilns are employed as they give better results than fixed 
ovens. 


Coke By-Products.—F. W. Miller, By-Product Coking in Alabama 
(Paper read before the American Institute of Mining and Metallurgical 
Engineers, October 1924). <A brief history is given of by-product 
coke manufacture in Alabama with short general descriptions of 

lants. : 

: P. Fritzsche, Coke-Ovens and Inquid Fuels (Zeitschrift des Vereines 
Deutscher Ingenieure, June 7, 1924, vol. 68, pp. 593-599). Practice 
in the recovery of liquid fuels as by-products of the coke industry is 
described. The products discussed are, first, those obtained in coking 
at ordinary temperatures ; namely, tar, consisting of the whole of the 
liquid constituents contained in the gases, tar-oil, a product of the 
distillation of the crude tar, and the light hydrocarbons; secondly, 
the liquid products of low temperature carbonisation, namely primary . 
tar, primary tar-oils, and primary benzene which correspond with the 
former, but are quite different chemically ; and thirdly, products which 
have been chemically transformed, such as hydrated solid and liquid 
hydrocarbons and alcohols from ethylene and allied hydrocarbons 
obtained from the coke-oven gases. 

W. Funcke, The Recovery of Pitch and Tar-Oils, and Ammonia 
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from Coke-Oven Gases, by the Process of Walther Feld (Glickauf, 
September 20, 1924, vol. 60, pp. 835-840). 

M. E. Mueller, Sodiwm Cyanide as a By-Product of Coke Making 
(Chemical and Metallurgical Engineering, June 23, 1924, vol. 30, 
pp. 978-980). A description is given of a process that permits of 
the recovery of sodium cyanide or of any other cyanogen compound 
as a by-product in coking. 


IV hrOULD UBT, 


Burmah.—W. J. Wilson, The Crude Oils of Burmah and Assam 
(Journal of Institution of Petroleum Technologists, June 1924, vol. 10, 
pp. 227-241). The most developed and productive field of Burmah is 
that of Yenangyoung, followed by Singu and Yenangyat, all in the 
vicinity of the Irrawaddy river, and 275 to 325 miles from Rangoon. 
The oils are characterised by their exceptionally high content of solid 
paraffins, present in such proportions as to cause the oil to set at 
temperatures below 70°F. The two chief oilfields of Assam are those 
of Digboi and Badarpur. The Digboi crude oils are similar to those 
of Burmeh, and are singularly free from water, but the Badarpur oils 
are associated with water. The oil is a natural fuel oil of high specific 
gravity, and solid paraffins are totally absent. 


France.—Demay, The Geology of the Pechelbronn Petroleum (Revue 
de l’Industrie Minérale, Mémoires, March 1, 1924, pp. 101-106). A 
brief account of the geologica] features of the Pechelbronn deposits 
designed to facilitate further investigations and borings in the district, 
and to indicate places when such borings are likely to be attended with 
commercial success. 

Pechelbronn (Chaleur et Industrie, April 1924, Supplement, pp. 
41-43). An account of the plant, processes and production of the 
Pechelbronn Mining Company and of the refining of the crude oil. 
The annual production of the latter is now 100,000 metric tons. 


Germany.—The New Petrolewm Discovery in Germany (Petroleum 
Times, May 10, 1924). Borings have been carried out near Celle in 
Hanover, and at a depth of 765 metres oil and gas were struck, the 
production of the well being estimated at 25 to 30 tons a day. This 
petroleum occurs in salt domes analogous to those of Rumania and 
Texas. The oil is confined to the Triassic system of beds. 


Mexico.—C. A. Sansom, The History and Geology of the Oilfields of 
Mexico (Journal of Institution of Petroleum Technologists, June 1924, 
vol. 10, pp. 806-309). The paper gives a short account of geology of 
the Mexican oil regions and of the oil industry. 
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Morocco.—R. Abrard, Petroleum in Morocco (Bulletin de la Société 
géologique de France, 1923, Série 4, vol. 22, pp. 145-153). 

B. Yovanovitch, Petroleum in Morocco : The Geology of the Petroleum 
Deposits in Morocco (Bulletin de la Société géologique de France, 1923, 
Série 4, vol. 22, pp. 234-245). 

A. Beaugé and L. Joleaud, Petroleum in Morocco: A Study of the 
Folding of the Region of Meknés (Bulletin de la Société géologique de 
France, 1923, Série 4, vol. 22. pp. 254-284). 

The above papers describe the petroleum possibilities of Northern 
Morocco, 


Persia.—R. K. Richardson, The Geology and Oil Measures of South- 
West Persia (Journal of Institution of Petroleum Technologists, June 
1924, vol. 10, pp. 256-283). The area described comprehends a long 
belt of petroliferous territory flanking the Persian Gulf on its eastern 
side, and passing north-westwards towards the boundary of Mesopo- 
tamia. The chief oilfield is that of Maidan-i-Naftun, about 140 miles 
from the port of Abadan, on the Shatt-el-Arab, to which place the oil 
is transported by pipe line. The production of the field in 1923 was 
over 788 millon gallons, or approximately 3 million tons of oil. 


Poland.—K. Friedl, The Oil Production of Poland—Past, Present, 
and Future (Petroleum Zeitschrift, April 1, 1924, pp. 377-881). The 
geological conditions of the Polish oilfields are described, with some 
account of the industry which in the important fields has long since 
passed its maximum. 


Roumania.—B. Yovanovitch, Petroleum in Roumania (Bulletin de 
la Société géologique de France, 1922, Série 4, vol. 22, pp. 11-17). 


Geology of Petroleum.—C. Finaton, Petroleum Occurrences (La 
Revue Pétrolifére, March 8, April 5, 1924). A summary account of the 
geological conditions under which petroleum occurs. The Primary 
rocks are first dealt with, and the second part of the paper discusses 
the oil occurrences in the Secondary and Tertiary series. 

C. E. Orstrand, Apparatus for the Measurement of Temperatures in 
Deep Wells by Means of Maximum Thermometers (Economic Geology, 
1924, vol. 19, p. 229). The construction and method of using the 
apparatus are described. 


Oil Shales——W. Forbes Leslie, The Somerset Oil Shale Frelds 
(Lecture before Junior Institution of Petroleum Technologists : Engin- 
eering, May 30, 1924, vol. 117, p. 714). The Somerset shale oils contain 
13-9 per cent. petrol, 11-9 per cent. kerosene, 28-2 per cent. gas oils, 
27-5 per cent. heavy lubricating oil, and 18-5 per cent. light lubrica- 
ting oil. The lubricating oils have specially valuable properties. The 
large beds of shale between Watchet and the Parrett form a most 
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important source of heat and power, and in addition to the valuable 
by-products the ash after retorting contains about 20 to 25 per cent. 
of fixed carbon. The geological conditions and chemical constitution 
of the shale beds are described. 

R. Brunschweig, Note on the Bituminous Shale Industry in France 
(Annales des Mines, 1924, vol. 6, pp. 5-31). Before the war the 
bituminous shale industry of the Lyons and Allier regions involved the 
production of some 150,000 tons and 60,000 tons respectively per 
annum, but this production fell considerably during the war, and 
the industry has only recently revived. The practice of extracting 
the oil is modelled on the methods involved in Scotland. At present 
the yield in oil is 90 litres per ton, 13 kilogrammes of ammonium 
sulphate being produced at the same time. The cost of production, 
and the selling price of the products, are such that the gross difference 
represents some 20 per cent., but this is subject to a number of 
charges which in effect make it much lower. The paper is followed 
by a brief account of the Scotch shale oil industry, and the prospects 
of both countries in regard to shale oil production are compared. 

D. Meneghini, The Bituminous Chalks of the Abruzzo, and their 
Possible Utilisation by Distillation (Giornale di Chimica Industriale ed 
Applicata, November 1923, vol. 5, pp. 545-549). Reference is first 
made to the investigations carried out by the technical Committee 
for the Utilisation of National Fuels, instituted by the Italian Ministry 
of Agriculture, on the asphaltic rocks of Ragusa, in Sicily, and to such 
particulars as have been published on the bituminous chalks of Abruzzo. 
Analyses of various samples are given. Low-temperature distillation 
(500° to 520°C.) gives noteworthy yields. The sulphur is high, but 
the benzol recovery is rich enough to warrant the utilisation of these 
deposits on an industrial scale. They also make excellent paving 
material. : 

G. de P. Cotter, The Oil Shales of Hastern Amherst, Burmah, with 
a Sketch of the Geology of the Neighbourhood (Records of the Geological 
Survey of India, 1924, vol. 55, pp. 273-313). 


Production of Liquid Fuel from Coal.—A. W. Nash, The Berginisa- 
tion of Coal and Oil (Journal of Institution of Petroleum Technologists, 
June 1924, vol. 10, pp. 329-334). The experiments of F. Bergius in 
the artificial production of coal are described. By heating cellulose 
in a water-cooled bomb to about 340° C. under a pressure of 200 atmos- 
pheres for a period of twelve hours he obtained a black amorphous 
mass composed of 84 per cent. carbon, 5 per cent. hydrogen, and 
11 per cent. oxygen, a quantity of CO, being formed at the same time. 
He then placed the synthetic product in a bomb together with hydrogen 
and heated to 400° C. at a pressure of 100 atmospheres. It was found 
that 70 per cent. of the new product could be extracted with benzene, 
the extract being similar in appearance to a normaljmineral oil. Using 
natural coal, it is claimed that about 90 per cent. of the coal calculated 


ee 


FUEL. 359 


on an ash and water-free basis can be liquefied. The hydrogenation 
of crude oils which do not pay for refining has now been undertaken on 
a commercial scale. 

F. Fischer, The Conversion of Coal into Oils (Paper read before the 
World Power Conference, London, July 1924). In the destructive 
method of dry distillation the yields of oil are relatively small, because 
on the one hand only certain constituents of coal can be converted into 
oils by destructive distillation, and on the other hand high-temperature 
coking represents an exceedingly wasteful process of destructive dis- 
tillation. If itis required to obtain large quantities of oil by destructive 
distillation, it is necessary to work at as low a temperature as possible. 
The point of decomposition of the bituminous constituents is at tem- 
peratures which, according to the quality of these substances, lie 
between 300° and 450°C. Any higher temperature is disadvantageous, 
changing the oils and forming coke and gas. As opposed to destructive 
distillation, hydrogenation is a method which converts coal into oleagin- 
ous substances up to the weight of the coal. A third possibility for 
conversion of coal into oils is provided by synthesis from gases. By 
gasifying coal to water gas, the latter may be transformed into synthetic 
oil by means of a high-pressure contact process. The synthetic oil 
mixture, synthol, boils below 200°, and, as it proves to be a suitable 
substitute for gasoline or benzol, may be employed as a motor fuel. 


Apparatus for Burning Petroleum.—W. Trinks, Combustion Devices 
for Inquid Fuel (Fuels and Furnaces, 1924, vol. 2, pp. 21-24, 135-138, 
255-258). The methods of preparing liquid fuels for combustion and the 
types of burners used are discussed. 


Economics of Petroleam.—A. Guiselin, The Petroleum Refining 
Industry of Belgium (Revue Universelle des Mines, December 1923, 
vol. 19, pp. 321-322). An abstract of a lengthy report on the 
advantages which would accrue from having a large centralised 
petroleum refining industry in Belgium, which is favourably situated 
for drawing overseas and transcontinental supplies of crude oil from 
all over the world. 


V.—ARTIFICIAL GAS. 


Gas-Producers.—The Gerard Mechanical Gas-Producer (Iron and 
Coal Trades Review, August 22, 1924, vol. 109, p. 314). A description, 
together with an illustration showing the sectional elevation and plan 
of the Gerard mechanical gas-producer, is given. The grate, built up 
of plates, is almost flat, and is protected from the heat of the in- 
candescent materials by a layer of cinders, which are only slowly 
discharged. The incoming air is well distributed through the joints 
in the layers of plates. The rotating body which carries the grate 
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isin the form of a triangular prism with curved faces, each flanked by 
a semi-circular inclined plane. These planes act as ploughs, continually 
turning up the mass of cinder and fuel. The mechanical gearing of 
the producer consists of a water-cooled crossbar which revolves in a 
horizontal plane at a fixed distance from the grate. 


Gas-Producer Practice.—A. H. Lymn, The Gas-Producer as Applied 
to Large-Scale Power Generation (Paper read before the World Power 
Conference: Iron and Coal Trades Review, July 11, 1924, vol. 109, 
pp- 58-59). The author deals with the application of the gas-producer 
to the generation of power on a large scale, and discusses this problem 
in the light of several combinations : 


(1) Low temperature gas-producer plant combined with recipro- 
cating gas-engines. 

(2) Low temperature gas-producer plant combined with steam 
boilers and steam turbines or reciprocating engines. 

(3) Low temperature gas-producer plant plus internal-combustion 
turbines, which are only now becoming available as a com- 
mercial proposition. 


The economics of the different systems are compared, and tabular 
comparisons of operating costs are included. 

R. Maclaurin, New Methods of Producing Gas for Industrial Opera- 
tions (Transactions of the Ceramic Society, 1923-24, vol. 23, pp. 121- 
141). An illustrated description is given of the Maclaurin carbonising 
plant designed for the production of smokeless fuel and industrial gas. 
The producer is in the form of a small blast-furnace about 45 feet high 
and 8 feet diameter at the widest part of the interior. The coal is fed 
in through a hopper placed on the top. The capacity of the producer 
is about 30 tons when full, and the coal is charged at the rate of about 
1 ton per hour, the equivalent coke or residue being withdrawn through 
doors at the bottom. Air blast is supplied through a large number of 
narrow brick ports about 12 feet above the discharging doors. By 
controlling the air blast and the gas passing off, the plant can be changed 
over in a few minutes from working for low temperature coke to working 
for complete gasification. The chief point of difference between the 
Maclaurin plant and the ordinary type of producer is that the former 
produces coke as well as gas. An average sample of the Maclaurin 
producer-gas contains : 


C02. Oz. oo. CH,. He. Np. 
6-2 0-6 16-0 13-0 LGPL aes 48-1 


The calorific value of the gas is 247 B.Th.U. gross. 

C. H. 8. Tupholme, Power and Process Steam from By-Product 
Producer-Gas (Chemical and Metallurgical Engineering, August 25, 
1924, vel. 31, pp. 300-303). A description is given of the L.R.P. low 
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temperature gasification process. The plant consists of three main 
factors : 

(a) Gasification of coal, with the recovery of by-products; (b) the 
generation of steam at high pressure; and (c) production of power 
by means of extraction or bleeder turbines. 

The process is essentially a combination of the low temperature 
process for the production of tars, oils, ammonia and gas, with the 
producer-gas process in a producer-retort in one operation. The 
boilers for utilising the gas generated are of the Spencer Bonecourf 
Karke type. 

HK. Terres and J. Schierenbeck, Coke Gas-Producers (Gas- und 
Wasserfach, 1924, vol. 67, pp. 257-263, 279-282, etc.). The method of 
working of two types of coke gas-producers is described, and their 
performance in the production of gas for heating gas retorts is compared. 

F. Clements, British Steelworks Gas-Producer Practice (Revue de 
Métallurgie, Mémoires, January 1924, vol. 21, pp. 42-66). A trans- 
lation of the paper read before the Iron and Steel Institute at the May 
Meeting, 1923 (Journal of the Iron and Steel Institute, 1923, No. 1, 
pp. 97-123). 

R. T. Haslam, Producer-Gas (Industrial and Engineering Chem- 
istry, August 1924, vol. 16, pp. 782-784). The constituents of 
producer-gas come to an apparent equilibrium value dependent on 
the thickness of the fuel bed alone and independent of gas velocity, 
ratio of coal to pounds of steam, or temperature of the exit gases. 
A hypothesis explaining this phenomenon is given based on the reaction 
HO + CO = CO, + Hg, being catalysed by hot surfaces which the 
gases can reach only by diffusion. 

M. Lafiargue, On the Enrichment of Producer-Gas by the Blowing of 
Vapour-Saturated Air, and other Improvements in the Yield of Gas-Pro- 
ducers (Société de V’Industrie Minérale, Comptes rendus, October 15, 
1923, pp. 215-222). An account of the results of preheating the air, 
and adding water vapour thereto in gas-producer practice. Such 
methods show a great increase in the thermal yield, amounting to as 
much as 20 per cent. They are specially applicable in the case of 
lean fuels and coke, and can be adapted to low temperature distilla- 
tion, in the case of semi-coke. The ammonia recovery can be greatly 
increased, and such methods have the added advantage of making 
it possible to get good producer-gas from coke, and so economise the 
use of bituminous coal. 

M. Migeon, Processes for the Treatment of Peat and Ingnite (Chimie 
_ et Industrie, February 1924, vol. 11, pp. 248-255). Two forms of 
apparatus are described—one for the desiccation and subsequent 
gasification of raw peat, in the Migeon “ Gasefactor,” and the other, 
a kind of producer, with by-product recovery for gasifying lignite. 
The process, as applied to peat, gives a high ammonia and tar recovery, 
and a useful industrial gas containing up to 33-1 per cent. of carbon 
monoxide and 37 per cent. of hydrogen, derived from the water 
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associated with the peat. About 3 tons of peat containing 58 per cent. 
of moisture can be treated in the gasefactor per hour. 


Gas for Power and Heating.—J. W. Brearley, Hacluswe Use of 
Coke-Oven Gas Supply for Town’s Use (Gas World: Iron and Coal 
Trades Review, June 20, 1924, vol. 108, p. 1057). 

Sir Arthur Duckham, Use of Town Gas in Industry (Paper read 
before the World Power Conference, July 1924: Iron and Coal Trades 
Review, July 11, 1924, vol. 109, p. 64). 

C. H. S. Tupholme, Huropean Gas-Producer Practice (Blast-Furnace 
and Steel Plant, September 1924, vol. 12, pp. 401-406). A short illus- 
trated description is given of modern furnaces fired with producer-gas. 


Use of Blast-Furnace Gas.—K. Rummel, Blast- Furnace Gas Economy 
in German Ironworks (Paper read before the World Power Conference, 
London, July 1924; Iron and Coal Trades Review, July 25, 1924, 
vol. 109, pp. 156-157). The author discusses the most economical 
methods of using blast-furnace gas. In comparing the different 
methods of utilisation, a quality factor is used, which is based on the 
value or price of 1000 calories of steam coal delivered free at German 
works. When multiplied by the heat value of the gas and the price 
for 1000 calories of steam coal, the quality factors indicate immediately 
the value of 1 cubic metre of blast-furnace gas. 


Water-Gas.—W. W. Odell, Use of Bituminous Coking Coal as 
Water-Gas Generator Fuel (U.S. Bureau of Mines, Technologic Paper 
No. 274, 1923, 39 pp.). 


Gas-Engines.—The New Gas-Engine Plant of the Illinois Steel 
Company (Power, April 8, 1924, vol. 59, pp. 552-557). The article 
describes the four blast-furnace gas-engine units of 3300 kilowatts 


each which have been installed at the South Works of the Illinois Steel 


Company. 


VIL—NATURAL GAS. 


Occurrence of Natural Gas in Germany.—C. A. Heiland, The Natural 
Gas Occurrence at Neuengamme near Hamburg (Zeitschrift fiir prak- 
tische Geologie, July 1924, vol. 32, pp. 89-92). In some trial borings 
at Neuengamme in November 1910 natural gas was struck at a depth 


of 247 metres. The gas was used to supplement the supply of town 


gas of Hamburg, and by 1921 some 200 million cubic metres of the 
natural gas had been consumed. The pressure having now fallen to 
about one atmosphere the question of making further borings is under 
consideration. A geological study of the district leads to the belief 
that further reservoirs of gas exist at no great depth. 


a 
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VIL—COAL WASHING AND HANDLING. 


Coal Washing.—H. 8. Geismer, Coal Washing Practice in Alabama 
(Paper read before the American Institute of Mining and Metallurgical 
Engineers, October 1924). For producing coking coal, three-com- 
partment jigs are favoured ; mines supplying steam and commercial 
coal use single-compartment jigs exclusively. Experiments in Alabama 
indicate that the sludge released by coal-washing plants can be de- 
posited in streams and on agricultural lands without disastrous results. 

J. G. Scoular and B. Dunglinson, The Washing of Fine Coal by the 
Froth-flotation and Concentrating-table Processes at Oughterside Colliery, 
Cumberland (Transactions of the Institution of Mining Engineers, July 
1924, vol. 67, pp. 374-389). 

J. B. C. Kershaw, The Improvement of Coal by Mechanical or Thermal 
Methods of Treatment (Fuel, May, June 1924, vol. 3, pp. 165-170, 
189-195). The article describes various modern types of coal washers. 

G. A. Vissac, Dry Cleaning Plant of the Greenhill Mine of the 
West Canadian Collieries, Lid., Blairmore, Alberta (Monthly Bulletin 
of the Canadian Institute of Mining and Metallurgy, October 1924, 
No. 150, pp. 643-653). A brief description is given of the dry cleaning 
plant in operation at the above-mentioned collieries. 


Coal Handling.—Coal and Ore Handling Plant at Waalhaven, Rotter- 
dam (Engineer, June 27, 1924, vol. 137, pp. 722-725). An illustrated 
description is given of the new coal and ore unloading plant installed 
at Waalhaven near Rotterdam. Two transporters of different types 
are used, the total capacity of the two being about 1000 tons per hour. 
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I—MANUFACTURE OF PIG IRON. 


Blast-Furnace Design and Equipment.—M. Derclaye, Relationship 
between the Lines of a Blast- Furnace and the Method of Blowing it (Revue 
Universelle des Mines, February 1, 1924, vol. 1, pp. 146-162). A 
detailed mathematical investigation of the subject. The furnaces 
respecting which data were obtained for the factors in the various 
equations given were those on a basic pig iron burden in which only 
minette and Swedish ore was used. Ten such furnaces were involved. 
The furnaces are considered as belonging to one of two distinct types, 
the low high-diameter type and the tall low-diameter type, or squat- and 
slender-lined respectively. The tall furnaces possess certain defects 
not always easily recognised, such as unnecessarily high pressure of blast 
and an undue sensitiveness to very small temperature changes. They 
consume, therefore, more coke in proportion to their “useful capacity ” 
than a squat furnace of the same output. If furnaces of these types 
are mixed together in one plant and served by the same blast mains, 
trouble will ensue. The two categories should be blown independently. 
The general conclusions derived from the investigation, which is 
accompanied by tables and formule, are that the squat form furnace 
working on minette ore and producing basic pig iron is far more 
economical than the tall form, and that a very important relation exists 
between a furnace profile and the mode of driving. Emphasis is also 
laid on the great advantage of breaking the ore to uniform size. For 
Swedish and for manganese ore it is essential. For furnaces working 
under the conditions described, low, wide lines and low pressure blast 
give the best possible results. 

M. Derclaye, The Number, Shape, Diameter and Position of Blast- 
Furnace Tuyeres and their Influence on the Behaviour of the Furnace 
(Revue de Métallurgie, Mémoires, June, July, and August 1924, vol. 21, 
pp. 315-337, 396-421, 450-461). The following formula gives the 
relation between the number and diameter of the tuyeres of a blast- 
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furnace, its daily output and the temperature, on the absolute scale 
of the blast : 
w = 0-00018 E x T 
nd* 

When w is the rate of the blast at the tuyere in metre-seconds ; 

P, the coke consumption in tons per twenty-four hours ; 

T, the absolute temperature of the blast in degrees centigrade ; 

n, the number of the tuyeres, and 

d, their diameter, in metres. 

The actual diameter is given by the equation : 


dn fo COLBERT 


nw 


A diagram and tables based on these formule enable the various 
factors of the tuyere problem to be solved, and the most favourable 
conditions for furnace working can thus be ascertained. There is, 
however, a practical limit to the number of tuyeres that can be used. 
The water-cooling expense increases greatly, and may correspond to a 
considerably greatir coke consumption per ton of pig iron produced. 
Moreover, tuyere trouble rises in proportion to the number of tuyeres, 
and it is a mistake to assume that the larger the number the more 
effectively can the blast be distributed in the furnace. Instances to 
the contrary are given. The more tuyeres the more channels that 
occur, leading eventually to hanging and scaffolding. 

The position of the tuyeres in relation to the hearth is very im- 
portant, and rules are given for its determination as well as for their 
arrangement and connection with the blast. The general effect of 
all these considerations is exemplified by the detailed examination 
of the balance-sheet of blast-furnaces working on a minette burden, 
and making basic pig with a coke consumption of 966 kilogrammes 
per ton, and a daily output of 163 tons. For purposes of comparison 
other heat balances are included. When, broadly speaking, other 
conditions are more or less identical, the effective yield and the coke 
consumption of a furnace will depend very largely on the proper 
selection of the right number of tuyeres. This is a direct practical 
outcome, but the actual reasons do not emerge from a general consider- 
ation of the heat balance. To find the actual cause of, for instance, 
reduced coke consumption, the separate balance sheets relating to 
particular zones have to be considered. This is more difficult to do, 
but formule based on the known physico-chemical reactions are 
forthcoming which can be applied to the purpose. A number of 
diagrams have been plotted with this end in view. Even then the 
information may be incomplete and requires to be supplemented by 
theoretical deductions from the known data. The final section is 
therefore devoted to the theories elaborated by Mathesius, by the aid 
of which a general diagram can be drawn up which will be applicable 
to any kind of furnace, and can be adapted to any normal range of 
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working conditions, however diverse. This diagram, which will show 
the maximum possible yield and efficiency, can be used as a standard 
of comparison, and serve to check the actual results obtained in practice 
and to indicate how they can be improved upon. 

R. Jordan, Notes on the Progress Effected in the Blast-Furnace 
(Revue de Métallurgie, Mémoires, March, April 1924, vol. 21, 
pp. 127-142, 223-232). A general view of recent progress in blast- 
furnace practice, including methods of charging, furnace headgear, the 
design of the furnaces themselves, the effect of modifications in the 
furnace lines, and increases in the hearth diameters. Some of the 
newer forms of charging appliance which are described include the 
Brown and the MacKee hoists, and the new Gogodsky-Secomet hoist. 
The Meunier charging system is also fully illustrated, both by photo- 
graphs and diagrams. In regard to furnace design all the latest ten- 
dencies are enumerated, and the reasons given for modifications which 
have been found in practice advantageous, particularly in American 
and Continental practice. 

G. Jantzen, The Internal Profiles of Modern Blast-Furnaces (Stahl 
und Kisen, June 12, 1924, vol. 44, pp. 681-684). Examples of sections 
of blast-furnaces are shown, in which the lines of modern types are 
compared with those of older ones. Modifications in design as intro- 
duced by Brassert and Koppers are referred to. 

J. R. Briggs, Dismantling Old Stacks by Blasting (Iron Trade Review, 
August 21, 1924, vol. 75, pp. 484-486). The use of dynamite for the 
demolition of blast-furnace stacks is dealt with. 

H. Dresler, Charging Devices for Blast-Furnaces (Stahl und Eisen, 
August 14, 1924, vol. 44, pp. 973-976). The uniform distribution of 
the burden within the blast-furnace is necessary to secure an even 
flow of the gases through all parts of the shaft, otherwise irregular 
working and hanging of the charge may result. The records of the 
old charcoal furnaces in Styria show that this was well understood in 
the time when furnaces were charged by hand. The author uses 
pyrometers to measure the temperature of the gas current at the side 
of the furnace and at the centre, the point at which the records are taken 
being some 16 feet below the throat of the furnace. His charts show 
that at the sides a fairly constant temperature of 50° to 100° is main- 
taimed, while at the centre it ranges from 200° to 300°, averaging 
250° C. The furnace works best when these temperatures are kept 
as constant as possible, and any sudden change indicates a loosening 
or jamming up of the charge. If the temperature tends to rise at the 
centre it can be brought down by charging fines to the centre, or lump 
ore if it falls; and by carrying out this plan regularly a much larger 
proportion of fines can be used. A new method of charging with two 
buckets is shown, with a bell so designed that the charge is distributed 
to the sides or the centre of the furnace as desired. 


_ Blast-Furnace Practice——A. Korevaar, The Law of Heat Compres- 
sion and Fuel Economy in Blast-Furnaces (Chimie et Industrie, April 
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1924, vol. 11, pp. 642-650). It has been previously shown that, taking 
Le Chatelier’s definition of the zone of combustion, any air passing 
through an ideal gas-producer with a constant speed of « kilogrammes 
per minute will burn at the surface of the fuel, and to begin with 
produce CO,, whereas in the upper layers of fuel the CO, is reduced 
to CO. In any horizontal section where the last molecules of CO, are 
being oxidised, the phenomena of combustion cease, and this defines 
the zone of combustion, which starts at the bottom of the producer. 
Ifina furnace the factors relating to design and the air remain constant, 
the volume of the zone of combustion will depend solely on the factors 
relating to the fuel, such as its porosity, the size of the lumps, and to 
some extent its ash content. ‘To simplify the view of combustion, the 
intermediate stage of the formation of the CO, can be ignored 
and the whole of the air ke regarded as being burned to CO. 
Further, the temperature differences of different horizontal layers 
may theoretically be disregarded and the temperature be regarded 
as uniform through the entire zone of combustion. Neglecting the 
intermediate CO, formation, which is accompanied by the evolution 
of considerable heat, the average temperature of the zone of com- 
bustion will be lower than that given by actual measurements. Now, 
the air introduces a known amount of heat per minute, and the 
combustion to CO likewise develops a known quantity of heat. The 
amount of fuel being known and the heat of the waste gases, the amount 
of “‘ available ” heat can be easily arrived at, and the problem reduced 
to its simplest theoretical factors. Starting from these premises, the 
conditions leading to heat compression are discussed. In general 
terms the heat may be concentrated in a smaller volume, thus raising 
the temperature. Alternatively, by reducing the volume of the zone 
of combustion by influencing the factors relating to the fuel, but with 
the same amount of blast per minute, a higher temperature can be 
obtained with the same fuel consumption. This, considered from a 
different standpoint, implies that the same temperature could be 

‘maintained with a smaller fuel combustion. These three views are 
developed in detail, and the influence of variables, such as the com- 
position and inflammability of the coke, the preheating of the blast, 
&e., is then brought to bear upon the elucidation of the laws of heat 
concentration and distribution and their effect on fuel economy. The 
mathematics of the subject are introduced in simplified form and 
without undue complication. Broadly speaking, the lower the blast- 
temperature the higher the fuel consumption. 

P. H. Royster, T. L. Joseph, and 8. P. Kinney, Time Hlement in 
Tron Ore Reduction (Blast-Furnace and Steel Plant, May 1924, vol. 12, 
pp. 246-250, 254). A further instalment of the authors’ report on 
their investigations with the U.S. Bureau of Mines experimental blast- 
furnaces gives the results of a study of the time required for the 
reduction of iron ore in the blast-furnace. 

P. H. Royster, T. L. Joseph, and 8. P. Kinney, Influence of Ore 
Size on Reduction (Blast-Furnace and Steel Plant, June 1924, vol. 12, 
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pp. 274-280). Tests were performed with ore graded to medium 
size, } x 2 x dinch; lump ore, 14 x 1 x 4inch; and fine ore passed 
through a screen with 4 inch opening. The coke and limestone 
remained unchanged. With the ore of medium size the furnace 
operated smoothly. Throughout the test with lump ore the furnace 
had all the signs of a cold hearth ; and the fine ore reached the tuyeres 
in an incompletely reduced state, which caused a clogging effect in the 
hearth and in the combustion zone. Other experiments were made 
which showed the advantage of uniform grading of the ore in securing 
uniformity in the quality of the product. 

T. L. Joseph, Effect of Sulphur on Blast-Furnace Process (Paper 
read before the American Institute of Mining and Metallurgical 
Engineers, October 1924). The author deals with the distribution 
of sulphur in blast-furnace materials and indicates how its presence 
alters the composition, quantity, and critical temperature of the slag, 
and the relation between these factors, fuel economy, and the cost of 
theiron. The sulphur distribution per ton of iron in charcoal and coke 
practice is tabulated. Sulphur balances calculated from operating 
data covering thirty-five coke furnaces indicate that approximately 
92 per cent. of the total sulphur charged enters with the coke, 7 per 
cent. with the ore, and 1 per cent. with the limestone. Most of the 
sulphur is carried from the furnace by means of the slag, the total 
amount eliminated being the product of the slag volume and the 
percentage of sulphur it contains. Additional sulphur in the charge 
must be eliminated either by increasing the percentage of sulphur in 
the slag or the quantity of slag. From relations found between slag 
volume and coke consumption and sulphur in the coke and slag volume, 
curves weie prepared showing the relative value of blast-furnace coke 
as its sulphur content varies from 1 per cent. 

B. Stoughton, The Smelting of Magnetite (Monthly Bulletin of 
the Canadian Institute of Mining and Metallurgy, September 1924, 
No. 149, pp. 594-596). The use of magnetite ore in the blast-furnace 
requires special furnace design, involving slower work, reduced height 
of bosh, and reduced batter of inwalls. The velocity of the blast 
must also be greater, which means less tuyere area per thousand cubic 
feet of blast volume per minute. It is also necessary that the coke be 
more uniformly graded and considerably larger than the size of coke 
required for smelting hematite ores. 

J. Kent Smith, Nitrogen in Iron (Foundry Trade Journal, May 15, 
1924, vol. 29, pp. 403-405). The influence of titanium, vanadium, 
and zirconium on the elimination of nitrogen in iron is discussed. The 
combination of nitrogen and iron is effected in the blast-furnace by 
means of a ‘““ cyanogen reaction.” In the light of our present knowledge 
no precise pronouncement as to the nature and mechanism is possible. 
But it has been recorded by observers that blast-furnaces, when pro- 
ducing in their hot zones undue quantities of potassium cyanide, 
produce pig iron which converts to steel of poor hot-working and 
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mechanical qualities. The logical course to pursue is to avoid the 
cause of nitrogenisation or, in other words, entirely to preclude “ cyano- 
gen reaction.” To do this the avoidance of intense temperature at 
any particular zone in the initial reduction of metallic iron from its 
mineral source is paramount. The author contends that the most 
important attribute of iron produced by low temperature reduction 
would be found in its freedom from nitrides. 

J. Seigle, The Necessary Relationship between the Percentages of 
Constituent Gases (Revue Universelle des Mines, April 15, 1923, vol. 2, 
pp. 96-98). A knowledge of the reactions taking place in the blast- 
furnace supplies data for checking the analyses of the resulting gases, 
as the relationship between the various constituents must be a constant 
and invariable one. The volume of the gaseous products and of the 
air blown (the blast) per kilogramme of carbon are functions of the 
percentages ; for example in the case of pure carbon, with dry or moist 
blast, and the volumes being referred to 0° C. and standard pressure : 


< ee 50: : ‘ 
Gas produced = o% of GO, + % of CO in cubic metres. 
: > : 
Air blown = gas produced x % of N in cubic metres. 


The potential heat, per cubic metre of the gas, can be calculated 
from the percentages of CO and H and deducted from the potential 
heat given by 1 kilogramme of carbon. Very often heat balances are 
drawn up corresponding with percentages of CO,, CO, and H, which 
cannot exist, and volumes of blast, and of resulting gases, which corre- 
spond with no actual facts, are derived therefrom. A knowledge of 
the necessary and inevitable relations which exist will serve to obviate 
errors from such sources. 

J. Seigle, Composition of Blast-Furnace Gas (Comptes Rendus, 
1924, vol. 178, pp. 1426-1429). Calculations are given to show the 
effect on the composition of the blast-furnace waste gases of using 
dried blast, blast enriched with oxygen, and blast consisting of pure 
oxygen. The possible proportions of carbon dioxide and monoxide 
are graphically represented, and the maximum volume of oxygen 
burnt per kilogramme of carbon is calculated. 

A. Pavloff, The Remelting in Blast-Furnaces of Steel Scrap and Slags 
(Revue de Métallurgie, Mémoires, September 1923, vol. 20, pp. 613-619). 
An account of the practice resorted to in Russia during the war to 
increase the production of pig iron. The means to be employed were 
discussed in the winter of 1916 at a conference held at Kharkoff. At 
this time the amount of shell steel scrap which had accumulated was 
considerable, and the utilisation of this scrap constituted almost a 
matter of State importance. At Koulebaky large quantities of steel 
turnings mixed with rich slags were smelted in charcoal furnaces, 
with the help of small proportions of ore, which were introduced more 
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as fluxes than for any other purpose. A table is given showing the 
dimensions of the blast-furnaces employed, and details are given of 
the blast temperature and pressure and the composition of the burden, 
and analyses of the materials used, the slags, and the pig iron produced. 
In the result it was found that the production could be doubled with 
only the normal charcoal consumption necessary when an all-mine 
charge wasused. A high grade acid open-hearth pig iron was produced, 
but the practice was found to result in rapid destruction of the lining. 
The methods employed to remedy this, and the nature of the lining 
which was subsequently substituted with successful results are likewise 
described. 

S. Brull, Use of Natural Phosphates in the Iron and Steel Industry 
(Technique Moderne, 1924, vol. 17, pp. 138-143). The author discusses 
the relative merits and effects of the use of rich phosphate and of 
phosphated limestone in the blast-furnace. 

T. T. Read, Composition of Raw Materials and Pig Iron Costs (Paper 
read before the American Iron and Steel Institute, May 1924). The 
author discusses the effect which the composition of the raw materials 
used has on the costs of pig iron manufacture, with special reference 
to American practice. 

H. Le Chatelier and B. Bogitch, Formation of Bears in Shaft- 
Furnaces (Comptes Rendus, March 31, 1924; Génie Civil, April 12, 
1924, vol. 84, pp. 360-361). An account of the conditions under which 
so-called bears are formed in the hearths of shaft-furnaces. 


Mixers.— J. Welter, Thermal Investigation of a Metal Mi.cer (Chaleur 
et Industrie, March 1924 vol. 5, pp. 105-109). A description of a 
research carried out early in 1922 at the Hagondange Steelworks, as 
part of a general study of heat losses from the instant where pig iron is 
run out of the blast-furnace, to its delivery at the converter. The 
pig iron in question was basic, and the metal mixer was a hydraulically 
tipping cylindrical vessel of 1100 tons capacity. The heat balance 
established was based upon the known temperature of the molten metal, 
before and after passing through the mixer. The pig ladles were of 
12 to 15 tons capacity and travelled distances varying from 300 to 
800 metres from the furnaces to the mixer, into which they were poured, 
after skimming the slag and being hoisted a vertical distance of about 
15 metres. The ladles were weighed before and after pouring. The 
metal withdrawn from the mixer, which was fired by unheated coke- 
oven gases, was similarly checked and weighed. The gas supply was 
metered. The mixer lining was silica brick, covered “with magnesia 
brick, and the average supply of pig iron to the mixer was 600 to 800 
tons per 24-hour day. The mixer was only full on Mondays, when the 
Sunday charges had been stored up. The investigations were, in order 
to equalise the disturbing effects of week-ends, taken over a continuous 
period of 59 days. Tables and curves of the.results are given, all the 
chemically reactive agents being duly taken into consideration. The 
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average temperature at which the molten metal was poured into the 
mixer was 1353° C., and that of the metal poured out of the mixer for 
use in the steel converters 1278° C., giving an overall temperature loss 
of 75°C. These figures agree well with the theoretical requirements 
established by the balance sheet and show the mixer to be not 
inefficient. 


Enriched Blast—M. Derclaye, Considerations relative to the Gruner 
Constant for Blast-Furnaces blown with Super-Oxygenated Air (Revue 
de Métallurgie, December 1923, vol. 20, pp. 830-835). A diagram and 
formule are given, based upon the formule given by J. Seigle, from 
which the following conclusions are derived respecting the use of 
oxygenated blast. From a practical point of view there will be 
nothing to gain in having more than 26 per cent. of oxygen present in 
the blast : with this amount, an economy corresponding with 100 
kilogrammes of pure carbon could be obtained. Pure oxygen intro- 
duced with the blast does not increase the number of calories available, 
as is the case with ordinary hot blast and with dry blast, and the 
economy resulting from the addition of a little oxygen is to be explained 
by the fact that the CO,/CO ratio is raised to the highest point com- 
patible with chemical equilibrium, that is to say to the upper limit of 
the effective utilisation of the carbon. The potential heat of the gases 
is reduced, and this diminution added to the reduced sensible heat 
resulting from the impoverishment of the gas by nitrogen suffices to 
explain the gain. The addition of a small amount of oxygen to the 
blast, although tending to appreciable fuel economy, will have, as its 
predominant effect, an increase in the furnace productivity, and it is 
from this point of view that experiments in super-oxygenation of the 
blast should be undertaken. 

J. Seigle, The Use of More or Less Super-Oxygenated Blast (Revue 
de Métallurgie, May 1924, vol. 21, pp. 260-264). A criticism of the 
results arrived at by Derclaye. The use of the Gruner equation 
in calculations relative to the possible economies to be effected by 
the use of oxygen cannot unfortunately be used a prior; it has to 
be established individually by direct experiment in each case, and it is 
not possible in practice to extrapolate from the values of the Gruner 
ratio, derived from the use of definite percentages of oxygen, the 
results which would accrue when using higher percentages. While 
it is possible, arithmetically, to obtain figures, they do not necessarily 
bear any relation to actual results in practice. 

R. Schenck, The Application of Oxygen and Enriched Blast in the 
Smelting of Iron Ore (Stahl und Eisen, May 8, 1924, vol. 44, pp. 521-526). 
The author considers the possibilities of employing pure oxygen for 
the blowing of blast-furnaces. The use of oxygen alone, however, is 
impracticable, on account of the very high temperatures which would 
result. No ordinary refractory bricks could withstand such tempera- 
tures, and the greatly accelerated reactions and speed of reduction 
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would produce disturbances which destroy the regularity of the 
smelting process. By using a suitable mixture of oxygen and blast- 
furnace gases, however, the temperature could be controlled within any 
desired range. The cost of production of pure oxygen by liquefaction 
processes has been brought down to a figure that places the use of 
oxygen well within the bounds of commercial possibilities. In the 
United States and in France oxygen of 99 per cent. purity has already 
been produced at a cost of about a farthing per cubic metre, or, say, 
15s. per ton, and the advantages of employing such oxygen mixed 
with blast-furnace gas are very apparent. It would no longer be 
necessary to heat the blast, consequently all stoves could be abolished, 
and on account of the much-reduced volume of the blast the blowing- 
engine capacity could be greatly reduced. The chief advantage would 
be the total elimination of nitrogen from the blast, leading to a great 
economy of heat and a corresponding reduction in fuel consumption. 
Actual experiments with oxygen mixed with blast-furnace gas are not 
yet reported, but trials in America have shown that by using atmo- 
spheric air enriched with oxygen up to 30 per cent. by volume, it is not 
necessary to heat the blast, and the output is increased by 18 per cent., 
with a considerable saving of coke. The adoption of oxygen mixed 
with blast-furnace gas and the elimination of atmospheric air would 
probably lead to extensive modifications in blast-furnace design. 

F. W. Davis, Some Applications of Oxygen to Ferrous Metallurgy 
(Iron and Steel Engineer, 1924, vol. 1, pp. 339-351). The author 
summarises the findings of the United States Bureau of Mines on the 
use of oxygen-enriched air in metallurgical processes. It is shown 
that oxygen could be produced in quantity at $3 per ton, and that 
its use would effect great economies in iron and steel manufacture. 


Cleaning of Biast-Furnace Gas.—R. Durrer, Recent Results in the 
Electric Cleaning of Blast-Furnace Gases (Stahl und Eisen, July 10, 
1924, vol. 44, pp. 809-812). An experimental electric gas-cleaning 
plant has been installed at the Dillingen blast-furnaces in the Saar 
district, and the results are now reported. The system is the same 
as that lately reported at the Rheinische Stahlwerke, namely, the 
Zschocke system as constructed by the Electric Gas Cleaning Company 
at Kaiserslautern. The plant is constructed to deal with 10,000 cubic 
metres per hour, and working at normal capacity the gas was cleaned 
from 2-5 grammes of dust per cubic metre down to 0:005 gramme. 
When overloaded by 26 per cent. the average degree of cleanliness was 
still maintained at 0-003 to 0-005 gramme. At 59 per cent. overload 
the cleanliness fell to 0-014 gramme, and at 82 per cent. overload it 
averaged 0-019 gramme. The power consumption is given as 4 kilo- 
watt-hour per 1000 cubic metres in the experimental plant, which 
figure would doubtless be improved upon in a large plant. The 
economy is, in fact, so great compared with other systems that it is 
prophesied that the electric system will shortly displace all others. 
The installation is illustrated. 
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J. Dreher, Tests on an Electric Gas-Cleaning Plant at the Liibeck 
Tronworks (Stahl und Eisen, July 24, 1924, pp. 873-879). Since 1921 
an electric gas-cleaning plant of the Lurgi type has been in operation 
at the Litbeck blast-furnaces. Trials carried out under varying condi- 
tions show that the degree of cleanliness attained in the gas is from 
98 to 99-9 per cent., and it is estimated that the saving in current 
compared with the wet-cleaning process is 73 per cent. The quantity 
of gas passing through the cleaner per hour was 2{00 to 3200 cubic 
metres. The economy of the plant in water and power greatly exceeds 
that of any other system. 

N. H. Gellert, Electrical Cleaning of Blast-Furnace Gases (Blast- 
Furnace and Steel Plant, September 1924, vol. 12, pp. 423-426). 
Progress in the practice of blast-furance gas cleaning is reviewed, and 
the merits of the dry and the wet cleaning processes are compared, to 
the advantage of the dry method. The electric method of cleaning is 
superseding other dry methods, on account of its low operation costs 
and the little attention that it requires. 

N. H. Gellert, Electric Cleaning of Blast-Furnace Gas (Iron Age, 
August 28, 1924, vol. 114, pp. 502-503). 

G. M. Hohl, The Cleaning of Blast-Furnace Gas (Paper read before 
the American Iron and Steel Institute, May 1924). The paper con- 
tains short descriptions of various types of blast-furnace gas cleaners 
and washers, 

J. F. Barkley, Flow of Blast-Furnace Gas in Large Mains (Iron Age, 
June 19, 1924, vol. 113, pp. 1811, 1825). 


Electric Smelting of Iron Ore.—I*. Hodson and M. Sem, New 
Norwegian Pig Iron Furnace (Iron Age, May 29, 1924, vol. 113, 
pp. 1585). Particulars are given of the operation of the new electric 
smelting furnace at the Tinfos Works, Norway. During the running 
of the furnace all kinds of ore were used, and both charcoal and coke 
were used as a reducing agent. The furnace was of the pit type, with 
vertical electrodes. The running was divided into three periods. During 
the first period of the test the furnace was run as an open pit furnace, 
with one top Soderberg electrode and one bottom electrode. In the 
second period the furnace was provided with two top electrodes in 
series. During the third and most successful period of test the furnace 
was closed with a brick roof provided with a charging shaft around 
the electrodes, and the gases were collected by pipes. Brief parti- 
culars are also included of a new process ef ore reductien, which is 
applicable to smelting both ferrous and non ferrous ores, and consists in 
making up the whole of the ore to be reduced in the form of composite 
Soderberg continuous electrodes. The ore is mixed with carbon in 
the form of pitch or tar, current is passed through the electrodes, and ~ 
the resistance of such electrodes to the passage of current drives off 
volatile gases which ean be collected and applied to the reduction of 
the ore. The,first product in the lower zone of the electrode is a pure 
carbon-free sponge. As the electrode reaches the arcing zone of the 
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furnace the iron sponge becomes molten iron, with low carbon content. 
Practically all the heat put into the process is usefully employed, and 
the actual heat generated in the electrode can be readily controlled and 
regulated. 

R. Durrer, Waste Gas Economy in the Electric Smelting of Iron Ore 
(Stahl und Eisen, June 26, 1924, vol. 44, pp. 748-750). Complete 
data concerning the working of the electric furnaces at Domnarfvet 
are given, with analyses of the Swedish ores used, of the slag and of the 
waste gas, and the composition of the burden. It is suggested that 
greater economy in the smelting process would result if the whole of 
the waste gases were circulated through the shaft of the furnace instead 
of only a portion as at present. 


Manufacture of Ferro-Alloys——W. M. Mitchell, Chromium: Its 
Uses and Its Alloys (Forging, Stamping, Heat-Treating, May, June 
1924, vol. 10, pp. 199-202, 235-238; Blast-Furnace and Steel Plant, 
August 1924, vol. 12, pp. 372-375 et seq.). The sources of chromite 
are mentioned, and the uses of chromium in industry generally are 
described, with special reference to its use in the steel industry for the 
manufacture of alloy steels, and heat and corrosion-resisting alloys. 
Incidentally, a description of the process of the manufacture of ferro- 
chromium in the electric furnace is given. Chromite is smelted with 
anthracite coal at a high temperature, which reduces the chromite 
directly to a 6 to 8 per cent. carbon ferro-chromium at one operation. 
To reduce the carbon further the alloy is again melted in another 
electric furnace with a slag of chromite, lime, and fluorspar. In this 
way the carbon may be reduced to 0°50 or even 0-25 per cent., the 
chromium content remaining practically without change. Various 
reduction processes have been patented for the further elimination of 
carbon, and ferro-chromium can now be produced with 0-10 per cent. 
of carbon or less, but the cost of refining is still very considerable. 

R. W. Smith, Geology and Utilisation of Tennessee Phosphate Rock 
(Paper read before the American Institute of Mining and Metallurgical 
Engineers, October 1924). A brief history of the phosphate industry 
of Tennessee is given, and the distribution and origin of the phosphate 
rocks are described. Particulars of the method of mining, treatment, 
and uses are included. There is an increasing demand for high-grade 
lump rock for use by steel plants in the United States. The entire pro- 
duction of ferro-phosphorus in the United States is from two furnaces— 
the Rochdale furnace at Rochdale, Tennessee, and the furnace of the 
Federal Phosphorus Co., Anniston, Alabama. The Rochdale furnace is 
a 55-foot stack equipped with four stoves. Coke, lump phosphate rock, 
siliceous brown iron ore, mill cinder, and limestone are the materials 
charged. The Federal Phosphorus Co. operates an electric furnace. 


Iron Industries of Various Countries.—Jron Ore Supplies (Mining 
Journal, September 13, 1924, vol. 146, p. 728). The present position 
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of the iron ore mining industry in the Cleveland district is commented 
on, and figures are given showing the decline in the production of 
ironstone from 1910 to 1923. The Cleveland blast-furnaces are 
becoming more and more dependent upon foreign ore supplies. 

H. C. Kreutzberg, Orange County Ironmaking (Iron Trade Review, 
July 17, 31, 1924, vol. 75, pp. 157-160, 284-288). The author gives 
an interesting account of the history of the iron industry of Orange 
County, New York State. This county once was an important iron 
centre, and for a considerable period was the principal producing 
district in the State. The industry started prior to 1750. The last 
furnace in blast in the county was the Sterling Stack, which was 
blown out in 1891. The Sterling Ironworks supplied the anchors for 
the first ships of war that carried the American flag, and particularly 
for the United States Frigate Constitution. It also produced the great 
iron chain which was placed across the Hudson River at West Point 
to hold back British vessels. During the revolution the Sterling 
Ironworks was an important source of munitions. 

O. Wehrheim, Hquipment and Lay-out of Blast-Furnace Works 
in the United States (Stahl und Eisen, August 21, September 4, 11, 18, 
1924, vol. 44, pp. 1006-1012, 1074-1080, 1105-1112, 1138-1145). The 
serial consists of a report of the Blast-Furnace Committee of the Verein 
Deutscher Hisenhiittenleute on American blast-furnace plant and its 
general arrangement, design, and operation. 

Martchenko, The Present State of Metallurgy in Russia (Revue 
de Métallurgie, February 1924, vol. 21, pp. 121-126). The Soviet 
Decree of August 12, 1921, reserved the metal, coal, and mineral 
industries solely for State exploitation, as industries of prime import- 
ance. They are therefore not open to individual enterprise, as is the 
case in some of the other industries in which State Capitalism, having 
proved a failure, has been abandoned. This notwithstanding, the 
metallurgical works draw a large proportion of their raw materials 
from individualistic rather than State sources, as the State industries 
are totally incapable of producing materials at economically reasonable 
prices. In spite of the wealth in coal, in Russia, fuel is everywhere 
lacking, and most of the iron and steel works can be operated only 
intermittently. At the blast-furnace plants at Petrovsky and at 
Hughesovka, however, pig iron is being regularly produced. The pro- 
duction in Central Russia has fallen to 2-8 per cent. of that of 1918 ; 
thus, in 1922 only 5,358,000 poods (98,000 metric tons) were produced. 
Coke is scarce, and has had to be brought from outside sources, even 
to works which are situated in regions where good coking coal exists. 
Ore stocks are likewise greatly reduced. All branches of the iron and 
steel trades languish in proportion. For example, the open-hearth steel 
output for 1922 was only 4 per cent. of the 1913 output An edict has 
been passed forbidding the use of more than 45 per cent. of new pig 
iron in the open-hearth charge (June 1923). On October 1, 1922, the 
total stock of open-hearth steel for all Russia was only 135,000 tons. 
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Statistics are given relative to the production of rolled sections, bars, 
sheets, &c., and particulars of the wages paid are included. Thus 
the operatives themselves receive on an average 4-70 gold roubles 
per month, with a 50 per cent. bonus; while the higher technical staff 
are paid an average monthly salary of 37-60 gold roubles, and a 30 
per cent. bonus. The cost of producing rolled steel is 8 roubles per 
pood, which corresponds with £36 to £37 per ton, and is approxi- 
mately eight times as much as the pre-revolution cost. 

Blast-Furnace Plant at Asansol, India (Iron Age, July 31, 1924, 
vol. 114, pp. 254-255). A brief illustrated description is given of the 
blast-furnace plant of the Indian Iron and Steel Co., near Calcutta. 

Completely Modern Indian Furnaces (Blast-Furnace and Steel 
Plant, September 1924, vol. 12, pp. 398-400). <A brief illustrated 
description is given of the new blast-furnace plant of the Indian Iron 
and Steel Company, at Asansol, about 120 miles north-west of Calcutta. 
The two blast-furnaces were designed by, and constructed under the 
supervision of, A. G. McKee & Company of Cleveland, Ohio. The 
most modern mechanical appliances for labour saving have been 
adopted, notwithstanding low labour costs. 

A Blast-Furnace in New Zealand (Engineer, June 20, 1924, vol. 137, 
p. 690). A description is published of a blast-furnace recently put into 
operation at Onakaka, in the South Island of New Zealand, by the 
Onakaka Iron and Steel Company. The daily capacity of the furnace 
is about 30 tons of grey pig iron of good quality. Iron ore deposits 
said to contain some hundreds of million tons of limonite ore are in 
the immediate neighbourhood. Limestone beds also occur in close 
proximity, and both ore and limestone are brought by ropeway a 
distance of 1? mile. Good coking coal is obtainable within economic 
distance, and sixteen bee-hive ovens have been erected near the furnace. 
The works are on the coast, and the erection of a wharf is projected 
so that vessels can lie alongside. 


Pig Iron Specifications.—American Government Specify Pig Tron 
by Rule (Foundry Trade Journal, July 24, 1924, vol. 30, p. 70). Par- 
ticulars are given of a specification for foundry pig iron adopted by 
the American Federal Specifications Board for the use of the Govern- 
ment departments in the purchase of pig iron. Pig iron is classified 
into four grades of the following composition : 


No.1. No. 2. No. 3. No. 4. 
Per Cent. Per Cent. Per Cent. Per Cent. 
Silicon. : : . | 2-75-3-25 | 2-25-2-75 | 1-75-2-25 | 1-25-1-75 
Sulphur (maximum) . : 0-04 0-05 0:05 0-05 
Total carbon (minimum) . 3-40 3-20 3:20 3:20 
Manganese 0:50-1:00 | 0:50-1:00 | 0:50-1:00 | 0-50-1-00 
Phosphorus 0:50-0:80 | 0:50-0-80 | 0-50-0-80 | 0-50-0-90 
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History of Iron.—J. N. Friend, Iron in Antiquity (Carnegie 
Scholarship Memoirs, 1923, vol. 12, pp. 219-290). The author traces 
the history of the use of iron from the earliest ages in all countries. 
An attempt has been made to direct attention to the more important 
features of the subject, and the memoir contains much information 
which has not hitherto been collected together in one monograph. 

J. N. Friend and W. E. Thorneycroft, Zxamination of Iron from 
Konarak. (This Journal, p. 313.) 

One Hundred Years of British Railways (Engineer, July 4, 11, 18, 
25, August 1, 1924, vol. 138, pp. 17, 37-38, 78-79, 108-109, 136-137, 
&c.). The first of this interesting series of articles gives an historical 
account of the use of iron for rails of wagon-ways and the gradual 
development of iron rails for the first railways opened in the United 
Kingdom. 

H. Littlehales, The Evolution of the Pig (Foundry Trade Journal, 
July 24, 1924, vol. 30, pp. 80). The term “bloom ”’ is the earliest 
known name used for the mass of metal obtained from smelted ore. 
This name was maintained in use for many centuries, and is mentioned 
in many documents of the Anglo-Saxon period. In the fifteenth 
century the bloom had often the alternate name of “sow.” In the early 
part of the sixteenth century, just as the name “sow” had ousted 
that of “‘ bloom,” the term “ pig’’ seems to have become the term used 
for the lump of iron fromthe ore. The distinction has often been drawn 
between sows and pigs that the casting bed consisted of a main channel, 
with smaller channels on either side, and that after the casting the 
mass of metal of the main channel was known as the sow, and the 
castings in the smaller channels as pigs. It is probable that such form 
of casting was at times adopted, but documentary evidence shows 
that the name of sow belongs to one period and that of pig properly 
to another and later period. 


Il.—BLAST-FURNACEH SLAGS. 


Function of Slags.—J. EH. Fletcher, On the Working Slags in Ferrous 
Processes (Paper read before the Institute of British Foundrymen : 
Foundry Trade Journal, May 15, 22, 1924, vol. 29, pp. 395-398, 429— 
432). The author outlines the function of slags in the blast-furnace, 
cupola, puddling furnaces, Bessemer converters, and open-hearth 
furnaces. Compositions of typical slags are tabulated. 


Classification of Slags——W. G. Imhoff, Colour Classification of 
Blast-Furnace Slags (Blast-Furnace and Steel Plant, August 1924, — 
vol. 12, pp. 362-367). The classification of blast-furnace slags is based 
on two factors—temperature and slag composition. The temperature 
may be considered as hot, medium hot, and cold, and a table is given 
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showing the characteristics of these three types of slag. The tem- 
perature indicators are silica, manganese, and iron. A white hot lime 
slag is low in silica, and as the silicon goes from the iron to the slag as 
silica, the hearth temperature gradually falls; thus the amount of 
silica in the slag becomes an indicator of the hearth temperature. As 
the hearth temperature falls, if there is an appreciable amount of 
manganese present the slag will show a brown glaze. This is the 
dividing line between hot and medium hot slags ; but manganese will 
not go into the slag however hot the furnace is if there is very heavy 
lime in the charge. Iron is the easiest and best temperature indicator, 
and the two extremes of slag temperature are readily distinguished by 
the iron present. <A hot lean slag has a light green glaze, a cold lean 
slag is black, and all shades of both are found between the two 
extremes of temperature. Iron colours slag black, and the degree 
of temperature for the given slag composition is indicated by the 
amount of black iron oxide formed. 


Uses of Slag.—H. H. Lewis, Iron Portland Cement (Proceedings of the 
Cleveland Institution of Engineers, Session 1923-24, No. 4, pp. 139- 
163). The paper describes tests on iron Portland cement, the results 
of which show that this material, if properly made, is at least equal 
to ordinary Portland cement. 

A. Guttmann, The Properties of Electrically Manufactured Cement 
(Llectro-Cement) and its Application in the Manufacture of Metallurgical 
Cements (Stahl und Eisen,-July 3, 10, 1924, vol. 44, pp. 786-794, 815- 
819). A description is given of Wennerstrém’s method of treating 
blast-furnace slag in the electric furnace with lime additions, till the 
proportion of lime equals that in a true Portland cement. The results 
are given of an analytic and microscopic investigation, and of 
mechanical tests of electro-cement ; also of slag cements and furnace 
cements made from electro-cements. 

A. Guttmann and K. Biehl, Fluorspar as an Ingredient of Blast- 
Furnace Cement (Zement, 1924, vol. 13, pp. 48-50, 55-57, 64-65, 76- 
78, 85-87). The sintering temperature of a ground cement composed 
of blast-furnace slag and lime is considerably lowered by the addition 
of fluorspar. The amount which can be safely added is generally about 
1 per cent., but it should in no case exceed 3 per cent., otherwise 
the fluorspar will cause the clinker to disintegrate. No appreciable 
saving in fuel is effected by adding fluorspar, but the lime combines 
more freely and a better clinker is produced, which gives a cement of 
a greater constancy of volume. The time of setting is also reduced. 

H. Burchartz, Slag Sand as Aggregate in Concrete and Ferro-Concrete 
(Stahl und Eisen, June 5, 1924, vol. 44, pp. 650-657). The slag sand, 
produced by granulating blast-furnace slag, is crushed to a size 
which will pass through a sieve with seven meshes to the centimetre. 
Concrete of a satisfactory grade can be made by using either light or 
heavy slag sand as aggregate. The strength of concrete made with 
light slag sand is slightly lower than that made with natural sand, 
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but with dense slag sand the strength is at least equal to or may be 
stronger than that in which natural sand is used. 

Specifications for the Manufacture and Supply of Blast-Furnace 
Slag as an Addition to Concrete and Ferro-Concrete (Stahl und Eisen, 
May 22, 1924, vol. 44, pp. 590-591). 

F. Riedel, New Process for Manufacture of Pipes from Blast-Furnace 
Slag (Stahl und Hisen, September 25, 1924, vol. 44, pp. 1173-1174). 
The Dresler process for the manufacture of bricks from blast-furnace 
slag without the use of lime or cement as binders has been successfully 
applied to making pipes. The mould and core are made of sheet 
steel, and the ground slag is rammed by hand alternately with slag 
sand in the space between core and mould. These latter can be 
removed at once, and the pipe is placed in a chamber and exposed for 
two days to carbon dioxide gas, which is drawn through from one of 
the stoves with a fan. After such treatment a pipe of 12-inch dia- 
meter is strong enough to bear a load of 24 tons. The pipes are then 
coated inside with a wash of cement to make them water-tight. 


IIl.—DIRECT PROCESSES. 


Direct Production of Iron.—Dvrect Reduction of Ore (Iron Trade 
Review, June 19, 1924, vol. 74, pp. 1635-1636). Preliminary experi- 
ments on the low temperature reduction of iron ore by means of a 
series of rotary kilns have been conducted at a demonstration plant 
built by the Hornsey Iron Co., Ltd., at Sheepbridge, near Chesterfield. 
The kilns are each about 5 feet in diameter and 30 feet in length. The 
first is used for preheating, the second for reduction, and the third for 
cooling the product. Hach cylinder is driven by a separate motor 
with a variable speed starting-box, which permits rotation at speeds 
from one revolution in half a minute to one revolution in two minutes. 
Pulverised coal is employed which makes it possible readily to control 
the combustion and to maintain constant temperatures. At no point 
in the process does the temperature rise above 1050°C. The iron 
product is separated from the gangue by passing over magnetic sepa- 
rators. The product differs physically from that of the blast-furnace, 
in that it is in a granular form instead of being in the shape of pigs. 
It also differs chemically in that the iron reclaimed is essentially pure, 
resembling wrought iron, and is mixed mechanically with varying 
percentages of the other ingredients of the ore instead of being chemi- 
cally combined with them. The carbon content is also lower than that 
of pig iron, but can be controlled within reasonable limits. The 
Hornsey furnace produces a steel intermediate which may be used to 
make refined steel or wrought iron. This intermediate product can be 
handled in the open-hearth, preferably starting with a small bath of 
molten pig iron, or melted in the electric furnace. The general results 
obtained from steels made by this process are tabulated, and an axle 
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temper plain carbon steel made from the Hornsey product alone, 
using no pig iron or other admixture, is compared with two-standard 
steels of the same character. The analyses of the principal ores used 
at Sheepbridge are also given. 

A. Groenwall, Electric Production of Steel directly from Iron Ore 
(Teknisk Ukeblad, 1924, vol. 42, pp. 21-22). In the method suggested 
by the author the ore is ground to pea size and roasted in a rotary 
kiln. The roasted ore is treated in another kiln, where it is mixed 
with finely ground coal. The temperature of this kiln is kept at 
800° to 900° by means of nichrome resistors placed in the brick lining. 
From this kiln the materials are charged into an electric shaft furnace 
and smelted to steel or soft iron. The metal is then refined in an 
ordinary electric steel furnace, where the composition and quality 
can be regulated. A plant with a capacity of 10,000 tons per annum 
is calculated to require: 1600 kilowatts for the reduction furnace, 
450 kilowatts for the smelting furnace, and 350 kilowatts for the steel 
furnace. The fuel and electrode consumption is calculated at 280 
kilogrammes of coke and 2 kilogrammes of graphite electrodes per ton 
of steel. A detailed plan of the suggested plant is included. 

E. Fornander, The Direct Production of Iron (Chemical and Metal- 
lurgical Engineering, June 2, 9, 1924, vol. 30, pp. 864-868, 907-910). 
A review is given of the more important methods that have been used 
for the production of wrought iron direct from ore. The processes 
dealt with are: Chenot, Gurlt, Husgafvel, Wiborgh, Grondal, Sieurin, 
Ehrenwerth, Bourcoud, Berglof, Wiberg, and Basset. 


Electrolytic Production of Iron.—T. W. 8. Hutchins, Hlectrolytic 
Iron (Paper read before the World Power Conference, July 1924: 
Tron and Coal Trades Review, July 18, 1924, vol. 109, pp. 117-118). 
The author deals with those processes which have for their object the 
commercial production of electrolytic iron in tubes, sheets, &c. Such 
systems might be divided substantially into three classes : 

(1) Processes wherein the anodes are formed (cast or shaped) and 
are soluble, so that the iron deposited from the electrolyte is replaced 
by solution of these anodes, together with the iron in the absorbers 
or recuperators (French process). 

(2) Processes wherein the anodes are shaped, but insoluble, so that 
the whole of the iron deposited from the electrolyte is replaced by 
solution of the iron in the recuperators (U.S.A. process). 

(3) Processes wherein the anodes are soluble, but unformed, so 
that the iron deposited from the electrolyte is replaced by solution of 
these anodes, together with the iron in the recuperators (British process). 

The nature of the defects in electrolytic iron is discussed, and 
particulars of the cost of production are included. The author also 
discussed the results obtained from tests upon a number of tubes 
produced under varying conditions as to current density, electrolyte 
concentration, acidity, temperature, and filtering mediums. 


(e861. 03) 


FOUNDRY PRACTICE. 


General Foundry Practice—A. Wagner, The Dimensions of Cupola 
Furnaces, particularly in Relation to the Weight of the Charges, Rate of 
Melting, and Coke Consumption (Stahl und Eisen, May 29, 1924, vol. 44, 
pp. 617-622). A series of experiments was undertaken on three 
cupolas, one of which was equipped with a forehearth and had a 
diameter 32 inches at the tuyere level, with a rate of melting of 3 to 
3-4 tons per hour. The second cupola was 28 inches diameter, with 
two rows of tuyeres and a rate of melting of 2-3 to 2:6 tons per hour. 
Both of these cupolas were charged mechanically. The third was a 
small hand-charged cupola of 19 inches diameter. The larger the size 
of the cupola the less efficient it becomes in point of fuel consumption, 
and the heat-balance is accordingly less good. The rate of melting is 
influenced by the weight of the coke and iron charged, the operation 
proceeding more rapidly the lighter the charge. Considerable advan- 
tage is derived from the use of a forehearth, as the melting losses are 
much less on account of less frequent slagging off. 

Werner, German Foundry Practice (Foundry Trade Journal, Sep- 
tember 11, 1924, vol. 30, pp. 229-232). In his address delivered at the 
International Foundry Trades Exhibition at Birmingham, the author 
discusses recent advances in foundry practice in Germany, and gives 
particulars of operating results with the Schurmann cupola. 

E. Ronceray, The Modern Evolution of the Foundry (Revue de 
Métallurgie, February, March 1924, vol. 21, pp. 112-120, 183-194). 
A continuation of the account of recent progress in foundry equip- 
ment and methods (see abstract, Journal of the Iron and Steel Institute, 
1924, No. I. p. 554). The first instalment deals with moulding and 
casting. The function of the sinking head in securing sound castings 
is discussed. Experience is not favourable to its use. Casting in 
chills and mechanical moulding are also dealt with. In the second 
instalment the materials and binders for cores are discussed, and 
a section is devoted to a consideration of the storing and mixing of 
foundry sands. Finally, the lay-out of the foundry is dealt with, and 
a short section is devoted to technical education so far as it bears upon 
foundry work. 

A. Marks, The Manufacture of Pearlitic Cast Iron for High 
Temperature Engines (Foundry Trade Journal, May 15, 1924, vol. 29, 
pp. 406-408). The author describes his experiments in the production 
of pearlitic cast iron in the cupola, with a view to obtaining the 
strongest material possible for the manufacture of castings subjected 
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to high temperature. The production of pearlitic cast iron in practice 
depends upon the following factors : (1) Correct adjustment of mixture 
for ferrite, silicon, and graphite—a combined carbon in the region of 
0-8 per cent.; (2) the use of low silicon suitably proportioned to the 
casting thicknesses and temperatures; and (3) quick cooling of the 
metal through critical ranges and subsequent prolonged low tempera- 
ture annealing in the mould. 

H. Van Aarst, Economical Melting with Cupolas (Paper read before 
the Institute of British Foundrymen: Foundry Trade Journal, June 
19, 1924, vol. 29, pp. 522-524). The author discusses the different 
factors influencing the melting process, with special reference to fuel 
economy. 

A. W. Bryant, Melts Iron in Twin Furnaces (Foundry, July 15, 
1924, vol. 52, pp. 556-559). At an American foundry two electric 
furnaces are in operation for supplying small heats of iron at regular 
intervals. The furnaces, each of 14 ton capacity, are mounted on a 
turntable, one set of electrodes doing duty for the two furnaces. When 
one furnace is ready for pouring the electrodes are raised clear of the 
furnace and the turntable is swung round, so that the hot furnace is 
over the pouring pit and the cold furnace is in line with the electrodes. 
Only three minutes elapse from the time the power is taken off one 
furnace until it is started again in the other furnace. 

L. J. Barton, Electric Furnace Iron from the Manager’s Standpownt 
(Transactions of the American Foundrymen’s Association, 1923, vol. 31, 
pp. 148-153). The costs of melting iron in the electric furnace for the 
production of castings are analysed. 

J. A. Holden, Metallurgical Control in the Iron Foundry (Foundry 
Trade Journal, September 4, 1924, vol. 30, pp. 207-208). Metal- 
lurgical control of foundry mixtures for the production of light and 
heavy castings is dealt with, and typical examples are given. 

H. H. Shepherd, Notes on Combined Iron and Steel (Metal Industry, 
June 13, 1924, vol. 24, pp. 577-578, 588). The uses, composition, and 
properties of combined iron and steel are briefly dealt with. 

B. Osann, Calculation of Foundry Mixtures (Giesserei Zeitung, 
August 1, 1924, vol. 21, pp. 317-319). A plan is set out according to 
which foundry mixtures can best be calculated, and an example is 
given of the calculation of mixtures to produce castings of a given 
composition. 

G. A. Drysdale, Simplifying Cupola Mixtures (Foundry, June 1, 
1924, vol. 52, pp. 483-434). A number of selected cupola mixtures 
for machinery castings is tabulated. The results of tests on test-bars 
from these mixtures are included. 

C. Brunelli, The Filtration of Cast Iron (Foundry Trade Journal, 
October 2, 1924, vol. 30, pp. 283-286). The author advocates the use 
of filter grates to prevent the introduction of impurities in castings. 
With the object of separating the gases from the metal by breaking 
this up away from contact with the air before passing it into the mould, 
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the author has devised four types of filter grates. One type is designed 
to supply a good flow of well-filtered metal, so as to avoid ingotism 
at distant points of a casting, and at the same time control the heat 
distribution in such castings. 

T. W. Barley, A Comparison of Gas and Coke-Fired Drying Stoves 
(Paper read before the Refractory Materials Section of the Ceramic 
Society : Engineering, September 26, 1924, vol. 118, pp. 460-461). The 
costs of drying moulds and cores in gas-fired stoves and coke-fired stoves 
are compared, the particulars being obtained from actual practice with 
such stoves at the steelworks of Edgar Allen & Co., Sheffield. It is 
shown that the economy of the gas-fired stove is much superior to that 
of the coke-fired stove. A description is included of the construction 
and operation of the Huttenes coke-fired air-blown furnace. 

B. Shaw and J. Edgar. Making Propellers (Foundry Trade Journal, 
September 25, 1924, vol. 80, pp. 272-273). The authors describe the 
pattern-making and moulding practice usually adopted in British 
foundries for the production of propellers. 

A. Sutcliffe, Dry Sand and Loam Moulding (Paper read before the 
Institute of British Foundrymen: Foundry Trade Journal, August 
21, 1924, vol. 30, pp. 153-154). 

R. J. Anderson and M. E. Boyd, The Production of Castings in 
Permanent Moulds (Paper read before the Institute of British Foundry- 
men: Foundry Trade Journal, June 5, 12, 1924, vol. 29, pp. 464-468, 
477-485). The production of castings in permanent moulds is dis- 
cussed in a general way, and the applications and limitations of the 
process to both ferrous and non-ferreus castings are pointed out. The 
history of the permanent mould process is traced, and it is shown that 
permanent types of moulds, including stone and bronze moulds, were 
used as long ago as 3000 B.c. Typical examples of such old moulds 
are shown. It is indicated that there are five separate and distinct 
casting processes involving the use of permanent or metallic moulds 
—namely, (1) die-casting, (2) slush casting, (3) Cothias casting, 
(4) centrifugal casting, and (5) permanent mould casting. These 
different casting processes are defined, and the first four are discussed 
briefly, and then compared with the true permanent moulding process, 
which is the counterpart of sand-casting. The general principles of 
the permanent mould process are discussed, and a typical mould is 
described as illustrative of these principles. The question of materials 
employed for making moulds and cores is dealt with, grey cast iron 
being used largely for the mould body proper, while both metallic 
cores and sand cores are employed. The growth and distortion of 
grey cast iron moulds in service, and the use of refractory linings and 
coatings are discussed. The various types of alloys used commerci- 
ally for casting in permanent moulds are considered, and the types of 
castings made in these alloys are described. A selected bibliography 
of literature on the use of metallic moulds is appended to the paper. 

O. Smalley, Cylinder Castings (Transactions of the North-East 
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Coast Institution of Engineers and Shipbuilders. 1923-24, vol. 40, 
pp- 355-392). The author discusses the cause and elimination of the 
commoner defects encountered in the manufacture of cylinder castings. 

F. H. Hurren, Cast Ivon in Motor-Car Construction (Paper read 
before the Institute of British Foundrymen: Foundry Trade Journal, 
May 22, 1924, vol. 29, pp. 423-426). The most important use of cast 
iron for mctor-car construction is for the cylinder. The cylinder and 
head are sometimes cast in one piece, but modern practice is to make 
separate castings for the cylinder head and cylinder body. Other 
parts where cast iron is utilised are the fly-wheel, clutch plate, clutch 
cover, exhaust branch, certain chain wheels on the timing gear, brake 
shoes, liners for brake drums, bearing carriers, and small distance 
pieces and cover plates. The mechanical test which can be most 
usefully applied to motor cylinders is the Brinell test. The author’s 
practice is to cast on all cylinders a small test-piece of standardised 
dimensions, which is rammed up and dried as an integral part of the 
mould. ‘To some extent aluminium is displacing cast iron for pistons. 
The main factors in the production of the various parts are noted, 
and a general outline is given of the cupola practice. 

P. Dwyer, Moulds Large Iron Gear Cases (Foundry, August 15, 1924, 
vol. 52, pp. 623-627, 652). The author gives a detailed description of 
the moulding practice involved in the production of large iron gear 
cases. 

P. Dwyer, Pumps made in Quantities (Foundry, June 1, 1924, 
vol. 52, pp. 417-423, 432). The methods of moulding and casting hand- 
pumps as practised at a large American foundry are described and 
illustrated. The mixtures for cupolas are made up entirely from pig 
iron, selected steel scrap, and returned scrap from the foundry itself. 
All the light castings made in greensand moulds are poured from soft 
iron with a silicon content of 2-40 per cent. Medium weight and 
heavy castings made in green and dry sand moulds are poured from a 
mixture in which the silicon varies from 1-50 to 2:00 per cent. The 
castings designed for high pressure work are poured from a semi-steel 
mixture in which the silicon content does not exceed 1-00 per cent. 

P. Dwyer, Moulding Special Pipe Shapes (Foundry, May 15, 1924, 
vol. 52, pp. 373-878). An illustrated description is given of the 
methods and equipment used at the plant of the Pittsburg Valve 
Foundry and Construction Co., for the production of large valves and 
special pipe shapes. 

P. Dwyer, Make Wheels and Brake Shoes (Foundry, September 15, 
1924, vol. 52, pp. 707-712, 729). An illustrated account is given of the 
methods of producing car wheels and brake shoes at an American 
foundry. 

H. R. Simonds, Making Teatile Machine Parts (Foundry, July 15, 
1924, vol. 52, pp. 537-541). The types of castings used in the pro- 
duction of machinery for the textile industry are described. Compli- 
cated parts are of grey iron and malleable castings. 
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R. A. R. Cole, The Manufacture of Chilled Iron Rolls (Paper read 
before the Midland Branch of the Institution of Mechanical Engineers: 
Machinery, July 24, 1924, vol. 24, pp. 533-534). 

Movable Moulding Machine for Large Work (Iron Age, July 31, 1924, 
vol. 114, pp. 247-249). An illustrated description is given of a. large 
Beardsley and Piper gand-slinging machine in operation at an American 
foundry. The machine is capable of mixing and ramming about 200 
tons of sand per day. 

J. McClelland, Moulding Machines (Paper read before the Institute 
of British Foundrymen: Foundry Trade Journal, July 17, 1924, 
vol. 30, pp. 57-60). Various types of moulding machines are described 
and illustrated. 


Manufacture of Synthetic Iron.—C. EK. Sims, C. E. Williams, and 
B. M. Larsen, Manufacture of Synthetic Foundry Iron in the Electric 
Furnace (Transactions of the American Foundrymen’s Association, 1923, 
vol. 31, pp. 154-170). According to the authors the production of syn- 
thetic foundry iron in the cupola is impracticable, owing to the inability 
to obtain, consistently, a metal of high carbon content, and to the 
- excessive slagging and its consequent troubles, the large proportion of 
coke required and the consequent introduction of a relatively large 
amount of sulphur, and the large loss of silicon by oxidation. In the 
electric furnace, carbon contents of from 3:5 to 4-0 per cent. can be 
easily obtained. Practically “any class of ferrous scrap can be used, 
which may be in the form of fine turnings or borings, or heavy sections. 
The best carburising materials are artificial electrode or resistor carbon, 
petroleum coke, gas-retort carbon, and pitch coke. Ferro-silicon or 
high silicon iron are best for introducing silicon, although silicon 
carbide, in the form of “firesand,” has proved both cheap and effective, 
and is also valuable as a carburiser. Any alloy of manganese and iron 
is satisfactory for the introduction of manganese. If desulphurisation 
is required, either lime or limestone mixed with fluorspar should be 
used. The use of silica in the slag must be avoided to obtain rapid 
introduction of carbon. The electric furnace need not be of a 
specialised type, but of standard design that can be used inter- 
changeably for iron and steel melting. The method of operation is 
described in the paper. 


Semi-Steel—G. W. Gilderman, The Making of Semi-Steel Casting 
(Foundry Trade Journal, July 17, 1924, vol. 30, pp. 44-45). A general 
description of the methods used in the production of semi-steel castings. 

G. A. Drysdale, White Iron for Grinder Discs (Foundry, August 1, 
1924, vol. 52, pp. 591-592). In the production of white iron suitable 
for grinder discs, the physical properties are controlled to a great 
extent by the percentages of steel scrap used in the mixture. Suitable 
cupola mixtures are tabulated. 

1924—11. 20 
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Steel Foundry Practice—J. Grennan, Melting Steel in a Cupola 
(Paper read before the American Foundrymen’s Association, October 
1924). The author gives the result of further experiments to determine 
the manner in which steel melts in a cupola. A series of holes was cut 
through the side of the cupola in order to observe the process of melting, 
and to remove pieces of stock for examination. 

W. H. Woodhall, The Manufacture of American Steel Castings 
(Foundry Trade Journal, May 15, 1924, vol. 29, pp. 399-401). The 
author outlines American practice in the manufacture of steel castings. 
It is recognised throughout the United States that the acid open- 
hearth is, in most cases, the most suitable process for the production 
of castings. 

L. J. Barton, Nine Tons in a 3-Ton Furnace (Foundry, May 15, 1924, 
vol. 52, pp. 401-403: Iron Trade Review, June 5, 1924, vol. 74, 
pp. 1493-1495). By minor alterations in the design of a 3-ton electric 
furnace, its capacity was increased to melt 9 tons of metal for the 
production of a large gear wheel. The rear or operating door was 
banked up about 10 inches with a cement made of white sand and 
sodium silicate. The log of the heat is given. 

L. J. Barton, Refining Metals Electrically (Foundry, June 1, 15, 
July 1, 15, August 1, 15, September 1, 15, 1924, vol. 52, pp. 427-432, 
460-462, 506-509, 542-547, 606-610, 640-642, 671-674, 726-729). 
A series of articles describing electric furnace practice, with special 
reference to foundry work. In the earlier chapters the electric furnace 
is compared with other methods of producing steel for castings, and 
the factors governing the selection of electric furnaces are discussed. 

HE. R. Young, Designing Steel Castings (Machinery, July 17, 1924, 
vol. 24, pp. 501-503). The author discusses various problems en- 
countered in the production of steel castings. 

F. Grotts, Broadening the Field for Steel Castings through the Use 
of Alloys and Heat Treatment (Paper read before the American Foundry- 
men’s Association, October 1924). The author discusses the possibilities 
in the use of alloy steel castings. The alloying elements generally 
used are chromium and nickel, and in some cases vanadium and molyb- 
denum. The best heat treatment consists in single and double 
annealing and quenching and drawing. Carbon steels are also dis- 
cussed in relation to their uses and physical properties. 

P. Dwyer, Valve Castings Made in Steel (Foundry, August 1, 1924, 
vol. 52, pp. 579-583). The practice at the plant of the Pittsburgh 
Valve, Foundry and Construction Co., for the production of valves, 
is described and illustrated. The steel for the castings is melted in 
an acid electric furnace. 

H. V. Fell, Production of a Large Steel Casting (Foundry Trade 
Journal, August 7, 1924, vol. 30, pp. 114-116). An illustrated de- 
scription of the operations involved in the moulding of a large steel 
casting. 


Cast Large Steel Hawse Pipe (Foundry, May 15, 1924, vol. 52, 
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pp. 381-384). An illustrated description is given of the method of 
moulding large steel hawse pipes for the s.s. Leviathan. The original 
hawse pipes were of cast iron, and became unserviceable owing to 
the heavy duty to which they were subjected. Steel for the castings 
was melted in an acid open-hearth furnace, the analysis of the steel 
being: carbon 0-28, manganese 0-57, phosphorus 0-046, sulphur 
0-037, silicon 0-29 per cent. 


Moulding Sands.—A. Rhydderch, Moulding Sands for Steel Castings 
(Paper read before the Institute of British Foundrymen: Foundry 
Trade Journal, May 29, June 5, 1924, vol. 29, pp. 445-448, 460-463). 
The properties, tests, and preparation of moulding sands used in 
the production of steel castings, of light, medium, and heavy sec- 
tions, are discussed. Sands with a large amount of bonding material 
deteriorate much more rapidly on heating above 100°C. than those 
with a small amount of bond, and naturally bonded sands show this 
behaviour in a very pronounced manner. Further, those with a fireclay 
bond will stand a great deal more fire than those with a natural low 
bond. For the fixing of temperatures for drying ordinary moulds 
of naturally bonded sand or synthetic sands, it is not advisable to go 
beyond 205° C. except in special circumstances, where the mould has 
to contract under the action of the heat. The rate of drying depends 
upon the mass of sand to be dried. 

H. B. Hanley, The Bonding Substance of Moulding Sands (Bulletin 
of the American Foundrymen’s Association, April 1924, pp. 6-10). 
Chemical analyses of the bonding substance of typical American 
moulding sands are tabulated, and the chemical and physical properties 
of bonding substances are discussed. 

Tentatively Adopted Methods of Tests and Résumé of Activities of 
the Joint Committee on Moulding Sand Research (American Foundry- 
men’s Association, June 1, 1924). The report contains tests for de- 
termining the cohesiveness, permeability, fineness, and dye adsorption 
properties of moulding sands. Methods for the ultimate analysis of 
moulding sand and of sampling sand as shipped are also included. 
The permeability of sand is ascertained by measuring the rate of flow 
of air through a standard specimen of sand under a given pressure. 
The application of the dye adsorption phenomenon to moulding sand 
is solely for the purpose of ascertaining the nature of the clay substance 
present. Different sands possess widely different adsorption capacities, 
and this difference is due exclusively to the quantity of colloidal matter 
present. The colloids in moulding sands are mostly of an inorganic 
nature: hydrated aluminium silicate, hydrated iron oxide, hydrated 
silicic acid, and other hydrated minerals. All of these constituents 
are of a gelatinous and sticky nature and they impart to the sand the 
property of bond. Strongly bonded sands commonly possess clay 
substance that is high in colloid content as measured by the dye 
adsorption test. The weaker bonded sands generally show a lower 
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dye adsorption figure corresponding to the smaller quantity of colloids 
present in the clay substance of those sands. 

H. W. Dietert, Commercial Application of Moulding Sand Testing 
(Paper read before the American Foundrymen’s Association, October 
1924). The author describes the apparatus and methods used for the 
testing of moulding sands at the plant of the United States Radiator 
Corporation, Detroit. The A.F.A. permeability test, special compres- 
sion tests, and moisture determination methods are used. Charts are 
given showing how losses have been reduced by laboratory control. 

R. F. Harrington, W. L. MacComb, and M. A. Hosmer, A Study of 
the Effect of Heat on the Clay Content of Moulding Sands as Shown by 
the Dye Adsorption Test (Paper read before the American Foundry- 
men’s Association, October 1924). 

H. W. Highriter, The Use of Chemical Reagents in Preparing and 
Rebonding Moulding Sands (Transactions of the American Foundry- 
men’s Association, 1923, vol. 31, pp. 591-594). The use of alkalies in 
the preparation and reclamation of moulding sands is briefly discussed. 
It is suggested that the bond of weak natural moulding sands might 
be increased by alkali addition, so as to render the sands suitable for 
use, and that in rebonding used sands by the addition of clays better 
results with less clay might be obtained through the deflocculation of 
the clay with alkali or other reagent. 

H. M. Lane, Reclaiming Foundry Sand (Transactions of the American 
Foundrymen’s Association, 1923, vol. 31, pp. 656-663). The author 
describes experiments on the reclamation of sand by dry and wet 
processes. 

F. L. Wolf and A. A. Grubb, Reclamation of Core Sand (Transactions 
of the American Foundrymen’s Association, 1923, vol. 31, pp. 594-604). 
The practicability of reclaiming the sand from defective and used cores 
depends in a large degree upon the kind of binder used in the original 
core sand mixture. The various types of binders used in making 
cores are reviewed. The results of tests on linseed oil bound cores 
and dextrin-bound cores are described. Sand from linseed oil cores, 
even those which have not been burned, is not so good for core sand 
mixture as new sand. Not only is no binding value obtained from 
the oxidised oil, but a larger quantity of oil must be added than is 
zeduires by new sand. Cores bound with dextrin gave much better 
results. 

C. W. H. Holmes, The Technical Side of Oil Sand Cores (Paper 
read before the Institute of British Foundrymen: Foundry Trade 
Journal, June 26, 1924, vol. 29, pp. 543-547). The author discusses 
principles and practice in the use of oil sand cores in the foundry. 


Centrifugal Casting —C. Pardun, The Scientific Principles of Centri- 
fugal Casting (Stahl und Eisen, July 31, August 28, October 2, 1924, 
vol. 44, pp. 905-911, 1044-1048, 1200-1208). The first attempts at 
centrifugal casting date from 1809, when Eckhardt took out a patent 
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in England for the centrifugal casting of metals. His invention, 
though it covered all essential points for the carrying out of the process, 
was never brought into practical use, and it was not until 1849 that 
attention was once more directed to the development of methods 
of centrifugal casting; from that time onwards many inventors in 
various countries have occupied themselves with the problem, among 
them Henry Bessemer, who, in 1857, patented an arrangement for 
producing rail ingots and blooms in vertically spinning moulds. None 
of these methods met with any great measure of success until Whitley, 
in 1880, brought out an improved device for feeding the liquid metal 
into a spinning mould for pipes; together with S. Fox he introduced 
the tipping trough, which was inserted into the hollow horizontal 
mould, filled with exactly the quantity of metal necessary for a single 
pipe, and this was tipped into the mould evenly throughout its 
length, after it had begun to rotate, so that the metal did not have 
to flow longitudinally, but only to take up the spinning motion. The 
de Lavaud system was first based on this principle, but afterwards an 
important improvement was made by O. Briede, who, instead of using 
a horizontal tipping trough, inclined the mould at a small angle and 
inserted a sloping trough, which was gradually withdrawn as the 
metal flowed down into the mould. The stream of metal was thus 
caught up and given a spiral movement directly it touched the spin- 
ning mould, and no flow of metal took place in any direction within 
the meuld, the centrifugal motion performing no other function than 
the even distribution of the metal. De Lavaud adopted this modifi- 
cation of Briede, and that system is the one now in use in many 
countries for producing pipes by the centrifugal method of casting. 
The casting of steel centrifugally involves greater difficulties, but a 
successful process has been developed by Cammen, who pours the 
liquid steel into a mould previously heated to a high temperature, so 
that the steel shall remain liquid long enough to spread through the 
length of the mould. 

C. Pardun, The Scientific Principles of Centrifugal Casting (Foundry 
Trade Journal, October 2, 1924, vol. 30, pp. 295-296). A lengthy 
abstract in English of the above article. 

E. J. Fox and P. H. Wilson, Modern Methods of Pipe Manufacture 
by the Centrifugal Process (Iron and Coal Trades Review, August 29, 
1924, vol. 109, pp. 344-346). A detailed description, with illustrations, 
is given of the methods of producing iron pipes by the De Lavaud 
centrifugal process as carried out at the Stanton Ironwerks. The pipe 
is formed in a cylindrical steel mould, which is revolved on its own axis 
by means of an impulse water turbine inside a water-cooled iron casing. 
The casing with its revolving mould is caused to traverse backwards 
and forwards on its bed-plate by a hydraulic cylinder installed beneath 
the casing. At one end of the mould a Pelton wheel is fixed, and at 
the other end are gland rings, somewhat similar to the collar thrust 
bearings employed in marine work. The only core used is that which 
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is necessary to shape the inside of the socket. ‘The moulds are poured 
by means of a cantilever trough, which is projected down the centre 
of the mould towards the socket end. The Pelton wheel propelling 
the mould is started and, when the mould has acquired a proper speed, 
iron is poured from a ladle into the cantilever trough. When the 
socket is filled the casing is allowed to traverse away from the ladle 
at a speed which ensures the molten metal lining the inside of the 
mould evenly throughout its entire length. The molten metal in 
contact with the water-cooled mould solidifies in a few seconds and, 
contracting slightly, allows the pipe to be withdrawn. Annealing is 
necessary to restore the homogeneity of the pipe. The actual making 
of a pipe takes, on an average, about fourteen seconds, the complete 
operation from beginning to end occupying seventy-five seconds. The 
average analysis of the iron used is as follows: Silicon, 2:6 to 2-9; 
graphitic carbon, 2-7 to 3-0; combined carbon, 0:20 to 0-40; sulphur, 
0-050 to 0-068; phosphorus, 1-10; and manganese, 0°38 per cent. 
The results of tests of pipes made by this process are included. The 
centrifugally cast metal has a tensile strength 70 per cent. higher than 
that of cast iron. 

R. Moldenke, Manufacture of Cast Iron Pipe in the South (Paper 
read before the American Institute of Mining. and Metallurgical 
Engineers, October 1924). The author discusses some economic con- 
ditions in the cast iron pipe industry of the United States. An outline 
is given of the de Lavaud centrifugal pipe-casting process, and a more 
recent development of centrifugal casting, in which sand-lined moulds 
are used. In this process no annealing of the pipe is necessary, as in the 
de Lavaud process, where the use of steel moulds has a chilling effect 
on the pipe, which is overcome by a short anneal at high temperature. 

Centrifugal Pipe by a New Process (Iron Age, June 5, 1924, vol. 113, 
pp. 1661). Brief particulars are given of a centrifugal process for the 
production of cast iron pipe. The metal is poured into a rapidly re- 
volving sand-lined flask, against which the metal is cast without any 
chilling action. Pipes may be cast in any thickness. A refractory 
lining is apphed to the sand-mould before casting to prevent the 
burning of the sand to the iron, and to avoid scabbing. The sand 
in the flask is held in place by the centrifugal action. The refractory 
lining is of such a character that during the casting operation it 
becomes incorporated by a fusing action with the outer shell of the 
casting, thus forming a protective coating to the pipe. Pipes made 
by this process have been tested at 2400 lbs. per square inch. 

C. Trresberger, Present Position of Centrifugal Casting (Giesserei 
Zeitung, September 15, 1924, vol. 21, pp. 397-402). Practice in the 
centrifugal casting of piston rings and pipes is described, with particular 
reference to the de Lavaud process. 


Malleable Castings.—T. Levoz, A European View of the Malleable 
Question (Foundry Trade Journal, August 28, 1924, vol. 30, pp. 175-177). 


dh aoe 


FOUNDRY PRACTIOR. 391 


Attention is drawn to the part played by iron oxide in the melting of 
iron for the production of malleable castings. Ferrous oxide absorbs 
heat calories in order to be reduced in presence of the carbon, while 
ferric oxides release them. For this reason it is preferable for the 
unreduced oxides in the metal to be in the ferric state. If foundrymen 
had at their disposal’a cupola obviating oxidation of the iron, it is 
evident that such an apparatus would be the ideal method of producing 
iron for malleable castings, subject to the condition, however, that 
it should effect fusion at the highest possible temperature. In the 
author’s opinion, the only method of competing successfully with cast 
steel in Europe is to produce malleable iron on the same system as cast 
steel. Since 1905 malleable iron has been produced in Germany by 
melting hematite pig in a cupola, afterwards transferring it to a 
converter in order to desiliconise it. This method was introduced into 
France with some success. The ordinary bottom-blown Bessemer 
converter is not suitable for this class of work, as it produces ferrous 
oxides whilst it is desiliconising the metal. In 1915 the author intro- 
duced a triplex process in which the following apparatus is used: 
A cupola with combustion zone distinctly separated from the zone of 
fusion in which only reducing gases circulate, a side-blown converter, 
and an electric furnace. 

P. Oberhoffer and E. Zingg, Formation of Scale in the Malleablising 
Process (Stahl und Hisen, October 2, 1924, vol. 44, pp. 1197-1200). 
Practical observations during the manufacture of malleable castings 
have confirmed the very important part played by the gas phase, and 
also that the tendencies towards equilibrium corresponding to the 
combined diagram of Boudouard and Schenck do exist. It has also 
been shown by experiments with synthetic mixtures, in which the 
essential factors were varied within wide limits, that, besides the 
annealing temperature, the relation of the iron-oxygen combinations 
in the annealing agent determines the existence of a suitable gas phase, 
and thus ensures that the annealing proceeds free of irregularity. 
The tendency for skin and scale to form increases directly as the quartz 
content in the ore is increased, and also as the silicon in the article to 
be annealed is increased. Sulphur favours the formation of a defective 
surface, but manganese appears to counteract this effect of sulphur. 
The disturbing influence of these impurities diminishes as the gas 
phase approaches equilibrium conditions, which occurs when the ratio 
of FeO to Fe,O, in the annealing medium is approximately 1 to 9. 

H. A. Schwartz, Oxidation Losses during Aw Furnace Melting of 
White Cast Iron (Paper read before the American Foundrymen’s 
Association, October 1924). The paper is primarily a study of the 
composition of air-furnace slags obtained under varying degrees of 
oxidation. The bearing of these compositions on various hypotheses 
regarding the mechanism of slag formation is pointed out, although no 
definite conclusions have been drawn regarding the physical chemistry 
of the process. 
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Iron Supply Governs Location (Foundry, May 15, 1924, vol. 52, 
pp. 389-394). An illustrated description is given of the lay-out and 
equipment of the plant of the Cadillac Malleable Iron Co., Michigan, 
for the production ef malleable castings. Charcoal pig is used, which 
is supplied from an adjoining blast-furnace plant. Charcoal pig 1s 
thought to give a metal with less shrinkage, which is more homo- 
geneous than when coke iron forms the basis of the mixture. The 
finished iron has the following compositions: Silicon, 0-75 to 0:90 ; 
sulphur, 0:04 to 0-05; phosphorus, 0-19 to 0-20; manganese, 0-20 
to 0-25; total carbon. 2-40 to 2-60 per cent. The methods of moulding, 
casting, and annealing are described in detail. 

E. C. Boehringer, Malleable Plant placed in Service (Foundry, July 1, 
1924, vol. 52, pp. 521-526, 533; Iron Trade Review, July 3, 1924, 
vol. 75, pp. 29-33). An illustrated description of the general lay-out 
and equipment of the new foundry of the Belle City Malleable Iron Co., 
Racine, Wisconsin, for the production of malleable castings. The 
furnaces are fired with pulverised coal, and fitted with waste-heat 
boilers. The slag from the furnaces is discharged into water, and the 
iron in the slag is recovered by amagnet. A large continuous annealing 
oven is in operation. 

G. L. Lacher, Reconstructing Plant under Production (Iron Age, 
July 3, 1924, vol. 114, pp. 5-9). The above plant is also described. 

B. R. Mayne and C. Joseph, Use of Oil im Malleable Furnace 
(Foundry, June 15, 1924, vol. 52, pp. 472-475). An illustrated de- 
scription of the methods of using oil fuel in malleable iron furnaces at 
an American foundry. 


Cleaning of Castings.—W. M. Weigel, Sand-Blast Sand (U.S. Bureau 
of Mines, Serial 2615, 1924). A study has been made of the grades, 
shape of grains, sizes, uses, and method of mining and preparation of 
sands for sand-blasting. It was found that great variation exists in 
the different grades as marketed, and that closer sizing and more 
uniformity in practice is desirable. 

Cleaning Steel Castings Economically (Foundry, September 1, 1924, 
vol. 52, pp. 688-690). An illustrated account is given of the methods 
of cleaning castings practised in an American foundry. 


Foundry Equipment.—The International Foundry Trades’ Exhibi- 
tion, Birmingham (Foundry Trade Journal, June 26, 1924, vol. 29, 
pp: 537-542). An illustrated description of various foundry equipment 
exhibited at this Exhibition. The section and plan of the Schurmann 
cupola is included. 

A New London Foundry (Foundry Trade Journal, July 31, 1924, 
vol. 30; pp. 92-97). An illustrated description of the lay-out and 
equipment of the new foundry of Harland and Wolff, Ltd., at North 
Woolwich. The melting plant in the iron foundry consists of two 
7-ton cupolas, a 1-ton emergency cupola, and a 7-cwt. reverberatory 
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furnace. The reverberatory furnace serves as a reservoir in case of 
urgent repair work. The waste heat from this furnace is utilised in the 
core stove. 

The Foundries of Messrs. Glenfield and Kennedy (Foundry Trade 
Journal, July 24, 1924, vol. 30, pp. 68-70). The general equipment of 
these foundries at Kilmarnock is described and illustrated. 

The Foundry of the Sunbeam Motor Car Company (Foundry Trade 
Journal, June 5, 1924, vol. 29, pp. 455-459). The general outlay and 
equipment of this foundry are described and illustrated. The grey 
iron melting is carried out in two cupolas. The foundry is well equipped 
with moulding machines. 

The Manufacture of Light Castings, Pipes, and Fittings in India 
(Foundry Trade Journal, July 3, 1924, vol. 30, pp. 13-15). An illus- 
trated description is given of the plant of the Eastern Light Castings 
Co., Ltd., Kulti, Bengal, for the production of pipes and light repetition 
castings. 

F. L. Prentiss, Jobbing Foundry of Ford Motor Co. (Iron Age, 
May 22, 1924, vol. 113, pp. 1485-1489). The equipment of the new 
jobbing foundry of the Ford Motor Co., Detroit, is described and 
illustrated. The foundry has iron, steel, and non-ferrous departments, 
and is equipped with three cupolas and three electric furnaces. Direct 
metal is also supplied from an adjacent blast-furnace. 

EK. C. Boehringer, Pours Iron on Second Floor (Foundry, June 15, 
1924, vol. 52, pp. 455-459). An illustrated description is given of the 
equipment of an American foundry for the production of malleable 
castings. The iron is melted and poured, and all moulding is done on 
an upper floor of the foundry. . 

Car Wheel Foundry with Parallel Motions (Iron Age, July 10, 1924, 
vol. 114, pp. 67-70). The foundry plant of the National Car Wheel 
Co., Rochester, New York, is described and illustrated. In this plant 
a moulding unit for the manufacture of chilled iron car wheels, with 
a capacity of 400 wheels in eight hours, has recently been put into 
operation. Conspicuous features of the moulding unit include an 
elevated shake-out grate and gravity conveyors for conveying the cope 
and drag flasks back to the moulding end of the unit. Straight line 
parallel conveyors are used, so that turntables and transfers are 
avoided. 

W. J. Corbett, Cost Finding in a Foundry (Paper read before the 
American Foundrymen’s Association, October 1924). 

H. B. May, Departmental Costs in the Foundry (Paper read before 
the American Foundrymen’s Association, October 1924). 
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I—PROCESSES OF STEEL PRODUCTION. 


Bessemer and Open-Hearth Processes.—R. von Seth, Acid Bessemer 
Practice in Sweden (fron Age, September 11, 1924, vol. 114, pp. 637-638). 
An English abstract of a paper published in Jernkontorets Annaler, 
1924, No. 1, giving the results of an investigation of the acid Bessemer 
practice at various plants in Sweden. 

E. Loisy and A. Portevin, The Metallurgical Work of A. Powrcel 
(Revue de Métallurgie, April “1924, vol. 21, pp. 197-222). Under 
the above heading a number of valuable notes have been compiled 
relating to the metallurgy of iron and steel, based on the researches 
and investigations made from time to time by A. Pourcel, and a biblio- 
graphy of his papers is included. The investigations relate to the 
function of manganese in the acid Bessemer process ; linings for metal- 
lurgical furnaces; the manufacture of ferro-manganese and _ silico- 
spiegel in the blast-furnace; the production of sound steel castings 
and the influence thereon of silicon and aluminium ; dephosphorisation 
in the open-hearth and the influence of phosphorus; segregation in 
steel ingots, and a number of miscellaneous questions, such as the 
influence of nitrogen in steel, and the use of the dry air-blast. Hach of 
the sections is accompanied by details of the work carried out by 
Pourcel from time to time. 

L. Cournot, The Manufacture of Steel in the Converter ; the Dis- 
covery of the Process, and its Introduction into France (Revue de Métal- 
lurgie, November 1928, vol. 20, pp. 695-711). After a brief account 
of Bessemer’s early experiments, and a list of his patents, the rival — 
claims of Galy-Cazalat are discussed. Galy-Cazalat was born on 
July 9, 1796, and was Professor of Mathematics and Physics at 
Perpignan, Nancy, and later at Versailles. His process, which was 
ultimately applied to the manufacture of steel in a converter, was not 
originally intended for this purpose, and the earliest patent, the date 
of which was September 12, 1851, was for producing an illuminating 
gas by passing the vapour of acidulated water through molten zinc. 
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The process was not successful, and was amended by several subse- 
quent patents in 1852, 1854, 1855, and 1858, but in none of these 
patents was there any attempt to refine pig iron by means of a current 
of air; even in those in which a pig iron refining process is described, 
the means adopted being a stream of water vapour. It was not until 
Bessemer’s discovery had been perfected that claims were raised in 
respect of Galy-Cazalat, and it was not until much later patents had 
been taken out by the latter that any reference was made to refining 
the molten bath of pig iron by means of an air current, and even 
then the reference is an indirect one to which little importance can 
be attached. An account is given of the investigation carried out by 
Jordan and published in 1869, in which the Galy-Cazalat claims are 
practically dismissed and those of Bessemer fully recognised. An 
account is given of the introduction of the Bessemer process in France 
by James Jackson & Sons, at their works at St. Seurin, near Bordeaux, 
in 1858. The Jackson interests were subsequently absorbed by the 
Imphy Company, who were satisfactorily carrying out the process in 
1864, under the guidance of Frémy. 

G. A. V. Russell, Some Recent Developments in Open-Hearth Steel 
Practice (Paper read before the Yorkshire Association of the Institu- 
tion of Civil Engineers: Iron and Coal Trades Review, August 1, ° 
1924, vol. 109, pp. 197-198). The subject is discussed under the 
following headings: Limitation of furnace charges, furnace hearths, 
coke-oven gas, mixed gases, thermal efficiency, furnace regenerators, 
furnace construction, and handling of melting-shop materials. 

A. Jung, The Absorption of Sulphur from the Fuel Gas in the Open- 
Hearth Furnace (Stahl und Eisen, July 31, 1924, vol. 44, pp. 911-914). 
At the Peine Steelworks it became necessary in 1923 to use brown- 
coal for the production of gas for the steel furnaces. One class of 
briquettes from a certain mine contained up to 4 per cent. sulphur, 
but later another class of briquette became available with sulphur from 
2-8 to 0-6 per cent. Opportunity was thus afforded of investigating 
the effect of gas containing different proportions of sulphur on the 
product. The sulphur in the ingot was higher, the higher the sulphur 
in the gas, but not in the same proportion, as the sulphur taken up 
from the gas was divided between the bath and the slag. If the 
sulphur in the gas exceeds 3 grammes per cubic metre, fluorspar must 
be added if the sulphur in the bath is to be kept below 0-06 per cent. 

H. D. Hibbard, Partly Killed Simple Steels (Iron Age, September 4, 
11, 1924, vol. 114, pp. 565, 599-600, 631-633). Partly killed steel may 
be defined as that which contains harmful gas holes. Killed steel 
contains no gas holes whatever, and full effervescing steel contains only 
such as are practically harmless. The steels considered in the paper 
are mostly those made in the basic open-hearth furnace, and top 
cast in ordinary ingots of 1 to 3 tons weight. The completeness 
with which steel, not effervescing, is killed depends: (1) On the treat- 
ment it receives in the furnace during and after melting; (2) on the 
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casting temperature ; and (3) on the additions, made at the end, of 
reagents which prevent the separation of gases during solidification. 
Killed and settling steel should always be cast in moulds with the larger 
end up to minimise pipe. Partly killed steels which do not settle, and 
effervescing steels may be cast into moulds, small end up, as there 
will be little or no pipe because of the gas holes formed in them. In 
this article partly killed steels are divided into soft steels having less 
than 0-40 per cent. carbon, medium steels with from 0-40 to 0-70 per 
cent., and hard steels containing over 0-70 per cent. These steels 
may either rise or stand, or even settle somewhat in the mould, accord- 
ing as they are more or less nearly killed. The characteristics of rising, 
standing, and settling steels are discussed. 

Vivanti, The Use of Titanium in the Manufacture of Steel (Metal- 
lurgia Italiana, January 1924, vol. 16, pp. 5-12). Titanium is most 
usually employed in the form of ferro-carbon-titanium, manufactured 
in the electric furnace and containing on an average titanium 15°79, 
carbon 7-46, silicon 1-41, and aluminium 0°8 per cent., with very small 
percentages of manganese, sulphur, and phosphorus. Ferro-titanium, 
carbon-free, is made by the thermit process, and contains 25 per cent. 
titanium and about 5 per cent. aluminium. The excellent de- 
’ oxidising effect of titanium is due to the fact that it forms very fluid, 
easily fusible products of deoxidation, which immediately rise to the 
surface and unite with the slag. The products of deoxidation formed 
by the use of aluminium are not very fluid at furnace temperature, as 
the aluminium combining with silica forms a very viscous slag. Segre- 
gation is lessened by the use of titanium, probably for the reason that 
gas bubbles do not remain entangled in the mass of solidifying steel, 
but rise quickly, entraining with them the impurities which collect at 
the top before they solidify. Some comparative tests of rails and 
plates of steel treated with titanium and of other rails and plates 
not so treated, are given, but in the latter case the deoxidising agent 
used is not stated. The titanium-treated products gave the better 
results of the two sets, but in the absence of further particulars no 
particular conclusion can be drawn. 

H. Obermeyer and A. L. Greene, Bohler Steel (Blast-Furnace and 
Steel Plant, June 1924, vol. 12, pp. 281-284). A short account is 
given of the products of the old-established steelworks of Bohler 
Brothers, whose chief factory is at Kapfenberg, in Austria. The 
conditions under which the firm continues to carry on its extensive 
trade are described. : 

J. B. Rhodes, The Manufacture of Steel for Ordnance Purposes 
(Paper read before the American Iron and Steel Institute, May 1924). 
The author discusses some fundamental reactions and conditions in 
steel-making processes, the paper being largely devoted to the subject 
of slag conditions. 

P. M. Macnair, Slag Metal Reactions (Iron and Steel Institute : 
Carnegie Scholarship Memoirs, 1924, vol. 13, pp. 267-294). 
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A. Pavloff, The Changes Undergone in the Dimensions and Design 
of Open-Hearth Furnaces (Revue de Métallurgie, September 1923, 
vol. 20, pp. 607-612). After a short survey of the design and construc- 
tion of open-hearth furnaces during what may be termed the first 
period of their use (1865 to 1880), followed by a similar review of the 
furnaces employed in the transition period of 1880 to 1895, the modern 
types of furnaces now in use are described, more particularly from the 
point of view of their departures from the original designs. <A table 
is given showing the dimensions of modern open-hearth furnaces having 
a capacity of 50 tons or more drawn from French, German, British, 
American, and Russian sources, and reference is made to an earlier 
table published by the author, giving the dimensions of a number of 
earlier furnaces as used in the countries enumerated. The changes in 
design which have occurred since the open-hearth furnace was invented 
involve principally the roof, the ports, and the regenerators, and the 
subject is considered from each of these points of view, the changes in 
regenerators, due to changes in the type of fuel used (including pulverised 
coal), being more particularly indicated. A brief mention is made of 
waste-heat boilers for open-hearth furnaces as used in American practice. 

W. E. Groume-Grjimailo, A Critical Study of Industrial Furnaces 
in the Light of the Author’s Theory, based upon the Laws of Hydraulics 
(Revue de Métallurgie, October 1923, vol. 20, pp. 687-693). As illus- 
trations of the necessity of designing industrial furnaces, with due 
regard to the laws of hydraulic flow, the Schurmann cupola, a waste-heat 
steam boiler at an open-hearth furnace plant, an underfeed boiler with 
an Usco superheater, and a Siemens mill furnace are taken, and adversely 
criticised. The ideal state of affairs is represented diagrammatically 
by a mill heating furnace having four ports at each end, a correct roof, 
and conforming to the essentials for securing proper regard for hydraulic 
flow conditions in heating fluids. 


Electric Steel Furnace Practice.—l. Sommer, Progress in the Pro- 
duction of Electric Steel (Stahl und Hisen, May 1, 8, 15, 1924, vol. 44, 
pp. 490-496, 526-530, 553-558). A comparison of the efficiencies of 
the induction furnace and are furnace shows that the energy con- 
sumption of an induction furnace per ton of steel is considerably higher 
than in an arc furnace, chiefly owing to conversion and transformer 
losses, but the difference is almost equalised on account of the much 
greater radiation losses and losses in transmission of the arc furnace 
than those of the induction furnace. It is proposed that inquiry should 
be set on foot for the purpose of obtaining data as to kilowatt con- 
sumption and other factors, in order to establish an electric energy 
balance for different types of furnaces. Statistics of existing electric 
furnaces and of electric steel production are given. These show that 
the United States and Italy are now in advance of all other countries 
in output of electric steel, principally in the form of castings. The 
metallurgical processes in the electric furnace are also fully described. 
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F. T. Sisco, Fluorine in the Deoxidising Slag, and its Influence on 
Refractories in Basic Electric Furnace Practice (Paper read before the 
American Electrochemical Society, October 1924). The deoxidising 
slag in basic electric furnace practice is made up of lime, coke, and fluor- 
spar in the ratio of approximately 6:1:1. At the high temperature 
present in the deoxidation period, the fluorspar is acted upon by 
oxygen, oxides, carbon, or by heat alone. The fluorine set free reacts 
with silica in the roof and upper walls of the furnace to form silicon 
tetrafluoride. Part of this constituent escapes, part enters the slag, 
where it reacts with lime to form calcium silico-fluoride. The activity 
of fluorine results in an increase in the silica content of the slag at the 
expense of the roof and side walls. This enrichment amounts to 
100 lbs. of silica or more each heat, and results in one-quarter to one- 
half of the total weight of the roof and upper side walls being worn 
away during the life of the refractories. Fluidity of the deoxidising 
slag is obtained, when fluorspar is used, by the formation of calcium 
silicates and calcium silico-fluorides, and by the presence of calcium 
fluoride. When silica sand is substituted, wholly or in part, for fluor- 
spar, the fluidity is obtained mostly by the formation of calcium silicate. 
With fluorspar it is possible to maintain a much higher degree of basicity 
for the same fluidity than is possible with silica sand. Fluorspar is also 
a direct aid in desulphurising, while silica sand is not. Another im- 
portant advantage is that it is much easier to maintain strongly re- 
ducing conditions, by an excess of calcium carbide, if fluorspar is used. 
The corrosion of the refractories, while considerable, is not so great as 
to warrant discontinuing the use of fluorspar if properly controlled. 

K. Kerpely, Considerations in the Construction of Are Furnaces 
(Giesserei Zeitung, June 15, July 1, 15, August 1, 1924, vol. 21, pp. 242- 
247, 277-282, 320-325). The construction and equipment of arc 
furnaces for use in the steel foundry are illustrated and described, and 
the relative efficiencies of the Heroult and Fiat furnaces are compared. 


Steelworks Equipment.—G. L. Lacher, Wisconsin Steelworks adds 
Open-Hearth (Iron Age, May 15, 1924, vol. 113, pp. 1421-1425). An 
illustrated description is given of the new open-hearth plant recently 
completed by the Wisconsin Steelworks, South Chicago. The new 
plant comprises five 100-ton basic furnaces. Plans are provided for 
the construction of six additional furnaces. For the furnaces now in 
operation the use of water for cooling has been reduced to a minimum. 
Another feature of the furnace is the absence of hydraulic equipment 
for operating the doors and reversing valves, electric motors being used 
for this purpose. Oil atomised by steam, together with some coke- 
oven gas is burned directly in the furnaces. The usual separate gas 
and air chambers have been provided at the ends of the furnaces, but 
the gas chambers are now used for air also and will be utilised for gas 
only in case it is decided later to use producer-gas as a fuel. 

Electric Steel in Brazil (Tron Age, June 26, 1924, vol. 113, pp. 1863- 
1864). An illustrated account is given of the first electric steel plant 


ee 


PRODUCTION OF STEEL. 3899 


erected in Brazil. The Company operating the works is the Compafia 
Electro Metallurgica Brasileira, Ribeirao, Preto. The plant is com- 
pletely operated by electricity, and pig iron, steel, and rolled products 
are produced. Iron ore is obtained from Morro do Ferro. Two 
large Hlectrometal smelting furnaces fitted with Soderberg electrodes 
are in operation for supplying iron to the steel plant, which consists of 
two 6-ton Bessemer converters, and one 6-ton Ludlum electric steel , 
furnace. The rolling-mill plant consists of a three-high 16-inch roughing 
mill and a three-high 10-inch finishing mill. 

F. A. J. Fitzgerald, Electricity in Steel-Making (Paper read before 
the World Power Conference, London, July 1924). The author de- 
scribes the development of the hydro-electric system of the Niagara 
Falls Power Co. and of the industries to which power from this source 
has been supplied. The manufacture of electric steel for castings 
requires much higher temperatures than those required for melting 
non-ferrous alloys, such as brass or bronze ; but it is shown that electric 
heating competes successfully with fuel, even in places where the cost 
of electric energy is relatively high. 


IL—CASTING AND TREATMENT OF INGOTS. 


Heterogeneity of Steel Ingots—K. G. Troubine, A Hypothesis 
Relative to the Origin of Surface Blowholes in Steel Ingots (Revue de 
Métallurgie, May 1924, vol. 21, pp. 288-294). While explana- 
tions are forthcoming as to the formation of pipes in steel ingots 
those relating to the formation of surface blowholes are not as yet 
satisfactory. Such blowholes arise in a wild steel when the occluded 
gases escape during solidification. The extent to which they do so is 
related to the percentage of silicon in the steel, or, in other words, to 
the methods of deoxidation employed during the manufacture. Such 
blowholes are not, however, peculiar to wild steel, but are also found 
on the exterior of dead melted steel. They are even larger in pro- 
portion as the size of the ingot increases. It’is probable, however, 
that the blowholes observed in the case of wild steel and those which 
occur with steel which has been quiet in the ladle arise from different 
causes. The latter may often be due to the air which is introduced 
in the stream of molten metal, the surface tension of which is such as 
to offer considerable affinity for air, which is subsequently entangled 
in the mass of the steel, and escapes on the surface. When ingots 
gassed in this way are subjected to compression, as in the Whitworth 
process, the exterior blowholes are suppressed, for the zone which would 
otherwise contain them becomes redissolved while the mould is being 
filled. This dissolution of the exterior crust is accompanied with a 
boiling action, which takes place in contact with the walls of the ingot 
mould. The material of which the latter is made appears to have 
considerable influence on the depth at which exterior blowholes can be 
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found, particularly when the steel is wild, and, generally speaking, the 
effect of the mould on the rate of cooling likewise exerts its influence. 
It is possible that, on shrinkage, part of the gases which have been 
imprisoned in the pipe find their way to the surface. 

J. Pot, Method for Ascertaining if a Mass of Steel 1s Identical 
Throughout (Revue de Métallurgie, November 1923, vol. 20, p. 770 ; 

_abstracted from the Journal des Connaissances utiles, August 1833, 
p- 224). A brief note of considerable historical interest, stating that 
as the value of steel depends upon its homogeneity, a simple method 
can be adopted to ascertain the degree of homogeneity it possesses by 
polishing one or more surfaces, and exposing them to the action of 
dilute nitric acid, or aqua fortis. By the action of the acid, stains are 
made to appear which are due to the presence of carbon intermingled 
with iron carbide. If the stains be regularly distributed the steel is 
homogeneous. If, however, they are irregularly distributed, the test 
reveals a lack of homogeneity which renders it unsuitable for certain 
purposes. It is further recorded that, whilst this method of assay has 
been attributed to English sources, its origin is really French, as it 
was first employed by a cutler of the name of Pernet, who had, years 
previously, established a highly esteemed business in France. 

W. Oertel and L. A. Richter, The Influence of Deoxidation on the 
Hot-Working and Properties of a Nickel-Chromium Structural Steel 
(Report No. 3 of the Laboratory of the Glockenstahlwerke, Remscheid, 
1924, 7 pp.). The authors report the results of an investigation into 
the causes of rolling cracks and other defects in nickel-chrome steel. 
The influence of teeming temperature, teeming speed, heat conductivity 
of the mould, rolling temperature, and length of soaking time were 
studied. The quality of the steel really depends on the careful de- 
oxidation of the bath and the elimination of gases. The proper use 
of ferro-manganese as the best agent for deoxidising is discussed. The 
influence of all the factors was determined by means of the usual tensile 
and impact tests. 


Centrifugal Casting of Sheet Bars.—L. Cammen, Sheet Bars Cast 
Centrifugally (Iron Age, June 26, 1924, vol. 113, pp. 1857-1858). In 
the new Cammen centrifugal casting process, bars or small ingots are 
produced by running the finished charge of the steel furnace direct into 
bottle-neck moulds rotating at a high speed. The operation is accom- 
plished without the formation of cold shot which usually accompanies 
attempts to cast centrifugally in divided moulds. In the bottle-neck 
mould the metal is fed against the smooth part of the mould, and is 
propelled along the axis of the mould so that by the time it reaches 
the divided partitions, the metal is already whirling at the same speed 
as the mould. There is, therefore, no shock, and the metal flows gently 
past the partitions filling the intervening spaces. The structure of 
bars produced by this method is shown by photomicrographs, together 
with the results of physical tests. 
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Forging Practice.—H. Southern, The Furnace Equipment of Mills 
and Forges (Proceedings of the Cleveland Institution of Engineers, 
Session 1923-24, pp. 241-272). The subject is discussed under the 
following headings: Fuel consumption in steelworks; the influence 
of plant lay-out upon the consumption of fuel; fuels and furnace 
design ; the furnace equipment of rolling-mills and forges; and the 
consumption of fuel in furnaces as affected by irregularity of operation. 
Several charts are given, one representing a heat balance of an un- 
economical steel plant indicating the distribution of heat in an average 
American plant of twenty-five years ago. Another indicates the heat 
balance of an average present-day American steel plant. From th's 
chart it is noted that 14 lb. of coal are consumed in the production of 
1 Ib. of rolled steel, 0-45 lb. being used in the open-hearth and mill 
furnaces. This is equivalent to a consumption of 9 cwt. of coal per 
ton of finished steel, the open-hearth furnaces taking 5-19 ewt., the 
soaking pits 0-86 cwt., and the reheating furnaces 2-95 cwt. It has 
been assumed in each case that one-half of the product is rolled into 
l-inch square bars and one-half into 8-inch joists, and that 1-26 ton 
of ingots are required to produce 1 ton of finished rolled steel. The 
average present day American plant is producing 1 ton of finished steel 
from iron ore, with a consumption of coal 15 ewt. per ton less than was 
the case twenty-five years ago. Comparing English practice it is noted 
that one firm in the Midlands is producing finished rolled billets from 
scrap with a coal consumption of 8-97 ewt. per ton, the open-hearth 
furnaces taking 6-6 cwt., and the soaking pits 2-37 ewt., whilst an- 
other plant in South Wales is producing finished sheet bar from scrap 
with a consumption of 8-24 cwt. per ton. In the latter plant the open- 
hearth furnaces consume 5:64 cwt. of coal per ton of steel, and the in- 
got heating furnaces 2-6 cwt. Various types of heating furnaces are 
illustrated. The continuous furnace is the most satisfactory equip- 
ment to instal in connection with any mill which produces material 
from blooms or billets of uniform size. 

H. Cassin, The Rational Utilisation of Gaseous Products by the Sur- 
jface Combustion Process (Revue Universelle des Mines, June 15, 1924, 
vol. 2, pp. 340-345). Deals briefly with surface combustion, using 
coke-oven or natural gas, and contains references to its employment 
in metallurgical furnaces, and more particularly in mill reheating 
furnaces in America and in France. 
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A. Weyel, Trials with Coal-Dust Fired Soaking Pits (Stahl und 
Kisen, August 14, 1924, vol. 44, pp. 977-979). Results of trials in 
firing ingot soaking pits with powdered coal are reported. Using 
brown-coal dust the consumption was 14 per cent. by weight of the 
charge, and with hard coal 9-6 per cent. of the charge. For grinding 
the coal the power consumption amounted to 9-6 kilowatt-hours, and 
for blowing the dust and air for combustion into the furnace another 
11-2 kilowatt-hours were consumed. 

J. R. Adams, Hardened and Ground Rolls (Paper read before the 
American Iron and Steel Institute, May 1924). For the purposes of 
the paper hardened and ground rolls are considered as forged steel rolls, 
‘hardened and drawn, the drawing being insufficient to make the rolling 
surface machinable, so that it must be ground to be finished. Har- 
dened and ground rolls differ from chilled rolls in that they have greater 
hardness, more homogeneous surface, greater strength and longer life. 
In the manufacture of these rolls the use of.alloy steels meet the more 
exacting requirements. A number of different compositions have been 
used by various makers, but roll manufacturers at the present time 
have adopted compositions that more or less fall within the following 
percentages : Carbon, 0:70 to 1-25; manganese, 0:20 to 0-40; sili- 
con, 0°15 to 0:30; chromium, 1-50 to 2-50 per cent. Hardened and 
ground rolls are usually made from acid open-hearth, electric, or crucible 
steel. The ingots are usually cast in such a size that the reduction in 
forging is not less than 1:3. After annealing, the forgings are pre- 
liminarily machined, sufficient material being left above the finished 
size to allow for further heat treatment before hardening. Hardened 
and ground rolls preserve their state of high finish for a considerably 
longer period than chilled iron rolls. 

O. W. Ellis, An Investigation into the Effect of Constitution on the 
Malleability of Steel at High Temperatures (Iron and Steel Institute : 
Carnegie Scholarship Memoirs, 1924, vol. 13, pp. 47-81). The fact 
that it is possible to determine roughly the positions of certain of 
the critical points by examination of the malleability temperature 
curve for a given steel, proves that the constitution of steel has a 
marked effect upon its malleability. 

Drawing Double-Walled Steel Shells (Machinery, June 12, 1924, 
vol. 24, pp. 333-335). The methods and dies employed in the draw- 
ing and forming of steel shells are described and illustrated. These 
shells are used in connection with an auxiliary mechanism of alternating 
current motors and are generally known as spring barrel tubes. 

L. N. Brown, Selecting Material for Drawn Parts (Blast-Furnace 
and Steel Plant, May 1924, vol. 12, pp. 239-242: Paper read before 
American Institute of Mining and Metallurgical Engineers). A method 
is described for testing sheets and strips to show their suitability for 
forming and drawing operations. : 

Pressed Metal Production (Machinery, June 12, July 3, 1924, vol. 
24, pp. 828-831, 417-421). An illustrated description of the methods 
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employed at the works of Fisher & Ludlow, Ltd., of Birmingham, for 
the production of pressed-steel parts. ; 

Virmaud, Hydraulic Presses (Arts et Métiers, November 1923, pp. 
801-808). A classification of the various types of hydraulic presses in 
use with notes of the water consumption and of the power developed, 
and its utilisation in steelworks. The largest presses used up to the 
present exert a pressure of 14,000 tons. Their use for the compression 
of liquid steel in ingot moulds is briefly referred to. 

L. Aitchison, Drop-Forge Practice—Trimming the Flash (Lecture 
before the British Association of Drop-Forgers and Stampers, Novem- 
ber 21, 1923: Forging, Stamping, Heat-Treating, April 1924, vol. 10, 
pp. 148-152, 172). The article is a continuation of the author’s lecture 
discussing the factors that should be taken into consideration in trim- 
ming the flash from drop-forgings and the proper design of tools for 
the purpose. On the sides of a forging the flash is forced out between 
the dies in a direction at right angles to the direction of the grain, and 
at the ends it is forced out parallel to the direction of the grain. The 
trimming operation should accordingly be adapted to cut through the 
fibres which have spread in these different directions. 

C. C. Hermann, Machine Forging Dies (Machinery, May 15, July 10, 
September 11, 1924, vol. 24, pp. 205-207, 453-455, 740-742). A series 
of articles on the design and use of forging dies. 

W. Anslow, Drop-Forging Dies—Lay-out and Design (Journal of 
~ the Association of Drop-Forgers and Stampers; Forging, Stamping, 
Heat-Treating, July 1924, vol. 10, pp. 250-254). The article deals 
generally with the design of dies, comparing British and American 
practice. 

The Modern Forging and Stamping of Steel (Metal Industry, June 20, 
27, 1924, vol. 24, pp. 605-606, 627-628, July 4, 1924, vol. 25, pp. 9-11). 
A survey of forging and stamping practice from a practical point of 
view. 


Rolling-Mill Equipment and Practice—Johnstone-Taylor, British 
Rolling-Mill Engine Design (Iron Age, June 12, 1924, vol. 113, pp. 
1717-1719). An illustrated description is given of the 25,000 horse- 
power reversing engine installed at the Cargo Fleet Ironworks. __ 

A Large Blooming Mill in France (Iron and Coal Trades Review, 
July 25, 1924, vol. 109, p. 164). Illustrated particulars are given of 
the Sack blooming mill recently erected at the plant of the Société des 
Acieries de Longwy. The rolls are 46 inches in diameter and 120 
inches in length. The mill is driven by an electric motor having a 
torque of about 1,595,000 foot-lbs., and the ilgner system of control 
is employed. The mill is said to be the largest in Hurope. 

New Butt Weld Mills at Indiana Harbour (Iron Age, July 3, 1924, 
vol. 114, pp. 1-4). An illustrated description of the plant of the 
Youngstown Sheet and Tube Co., at Indiana Harbour, for the rolling 
of skelp and the production of butt welded tubes. The skelp is charged 
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into the welding furnace chamber by a magnetic charging machine. 
This consists of a roller table having hollow rollers fitted inside with 
magnets. The magnetic attraction makes up for the lack of weight in 
the skelp and overcomes the tendency of the skelp to slip off the rollers. 
At the delivery end of the furnace the welder grasps the pointed end 
of the heated skelp with a tong, then slips a bell over the tong and 
places the tong in the end of a draw-bench, where it is automatically 
gripped by a continuous chain belt which pulls tong and skelp through 
the bell. The draft through the bell curves the skelp into tubular 
shape and welds the edges. Each welding furnace has a capacity of 
200 tons of pipe per twenty-four hours. 

G. L. Lacher, New Inland Merchant and Billet Mills (Iron Age, 
August 7, 1924, vol. 114, pp. 303-307). The merchant and billet 
mills recently completed at the plant of the Inland Steel Co., Indiana, 
are described and illustrated. The merchant mill has an estimated 
capacity of 12,000 to 14,000 tons of finished steel per month. It is a 
combination of the continuous and staggered duo-type. It is two- 
high throughout and contains six 18-inch continuous roughing stands 
and four staggered 14-inch finishing stands. The 24-inch billet and 
slab mill consists of six continuous two-high stands. 

New Billet and Strip Mills at Bridgeport (Iron Age, August 28, 
1924, vol. 114, pp. 504-505). The lay-out of the proposed new billet 
and strip mills of the American Tube and Stamping Co., Bridgeport, is 
described. 

G. L. Lacher, Improved Rail and Track Supply Plant (Iron Age, 
August 28, 1924, vol. 114, pp. 495-499). An illustrated account is 
given of the alterations carried out in the finishing department of the 
rail mill of the Colorado Fuel and Iron Co., Pueblo, in order to deal 
with 39-foot rails. The equipment for the production of angle bars 
and track bolts is also described. 

New Types of Bearings for Rolling-Mills (Iron Age, August 21, 
1924, vol. 114, pp. 442-443). An abstract in English of the article by 
D. C. Holzweiler, which appeared in Stahl und Hisen, April 17, 1924, 
vol. 44, pp. 361-363. 

Hi: “Cranier, Calculation of Draughts for Rail-Rolling (Stahl und 
Eisen, August 21, 1924, vol. 44, pp. 1012-1015). Calculations are 
given to determine the correct position of the neutral axis of passes 
and diameters of rolls for rail-rolling. 

C. W. Gennet, jun., Late Developments in Steel Rail Practice (Iron 
Age, June 12, 1924, vol. 113, pp. 1721-1722). Recent developments 
in American steel rail practice are discussed. Rails are now being 
made in 39-foot lengths with milled ends. By the use of these longer 
rails instead of the prevailing standard 33-foot, the number of joints has 
been reduced 15 per cent. Notwithstanding that present interest in 
the rail problem centres chiefly on the mechanical matters, the problem 
of obtaining;sound ingots is still a pressing one. It can be shown 
that half of the trouble with rails in service occurs in the rails from the 
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top of the ingots. In the case of the large 14,000-lb. ingots, it is highly 
probable that the second rail is frequently as bad as the top rail from 
the smaller 8000-Ib. ingot. Certainly the development in steelworks 
practice in the direction of using larger units, so economically desirable 
from a mill standpoint, has had an adverse effect on the quality of rails 
rolled from near the top of the ingots. When the yield of merchantable 
material is such an important factor it would seem that the use of hot 
top ingots, inverted moulds, and other devices should be taken advan- 
tage of in an effort to obtain not only a higher efficiency of operation, 
but improvement of quality. Certain railroads are obtaining relief 
from the pernicious influence of top rail by some method usually made 
possible by a particular mill condition. Use of the top ingot metal for 
tie plates is logical and has a very strong interest. The chemical com- 
position of modern rail steel is frequently the subject of discussion, 
and arguments are advanced favouring the use of higher phosphorus 
content to offset the high carbon, and, perhaps, the use of more man- 
ganese. ‘Trials of some such steel are being suggested, the idea being 
to produce steel in the open-hearth furnace of more nearly the physical 
and chemical characteristics of the old time Bessemer rails, which 
actually gave longer life and were apparently free from some of the 
defects so often associated with high carbon steels. 

H. Hilterhaus, Automatic Cooling Beds (Stahl und Eisen, July 3, 
1924, vol. 44, pp. 777-784). Cooling beds of various types and fitted 
with different designs of transporting gear are illustrated and de- 
scribed. 

M. Farmer, Cold-Rolled Strip Steel (Transactions of the American 
Society for Steel Treating, June 1924, vol. 5, pp. 590-598). The author 
deals briefly with the numerous factors involved in the production 
of cold-rolled strip steel. Casting temperatures, the segregation of 
elements within the ingots, the rolling of ingots into billets and slabs, 
and the high-speed rolling of billets, pickling, and the subsequent cold- 
rolling operations are discussed. A brief review of the various grades 
of cold-tempered strip is given, and the use of strips for special types 
of work is also dealt with. 

P. Dumartin, Electric Drive for Rolling-Mills and its Associated 
Problems (Revue de Métallurgie, October, November, December 1923, 
vol. 20, pp. 625-655, 724-753, 796-829). The author begins by 
discussing the considerations which should govern the question of 
adapting rolling-mills for electrical driving, and institutes a brief com- 
parison between the principles involved in electrically driven mills 
and those driven by steam-engines, the relative advantages and dis- 
advantages of each being stated. A section is then devoted to a 
calculation of the power required, which will differ according to whether 
the mills are continuous or reversible. Reduced to its simplest factors 
these calculations depend on the arrangement of the housings, the 
diameter of the rolls, and the nature of the passes ; the weight, section, 
volume, quality, and temperature of the metal to be rolled ; the nature 
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of the final section aimed at; the hourly production, and such sub- 
sidiary considerations as the number of passes required and the 
reheating operations involved. Hach of these factors is described 
in detail, together with the necessary calculations, and numerous 
diagrams are given. The next question is the use of fly-wheels in 
electrically driven rolling-mills, and this is likewise discussed in full, 
and descriptions are given of rolling-mills thus equipped. The various 
types of mill motors are enumerated, and their relative merits dis- 
cussed, after which the whole question of supply is considered in con- 
siderable detail. The special requirements of two-high and three-high 
mills, the nature of the works distributing systems, and the neces- 
sity or otherwise for establishing sub-stations are dealt with. The 
conclusions arrived at are that there is no one set of general rules 
applicable in all cases, but that every mill requires.its own individual 
treatment, and that while theory may serve very largely to guide in 
making the arrangements, reliance must chiefly be had on experience, 
and that such experience can only be obtained from a mill actually 
at work, and will even then only serve to determine the conditions 
which should be adopted in a strictly similar mill. The advantages of 
electricity are its elasticity and the ease with which special modifica- 
tions may be introduced in design according as practice dictates. 

G. Bulle, Time Recording and Power Consumption Measurements in 
Rolling Steel (Stahl und Hisen, August 7, 1924, vol. 44, pp. 937-940). 
A method is described for recording graphically the time and power 
consumption at each pass of the material through the rolling-mill. 

G. Fox, Power Consumed in Rolling Steel (Paper read before the 
American Iron and Steel Institute, May 23, 1924). The subject is 
discussed under the following headings: Ratio of demand to connected 
load; power consumed by main roll drives; power consumption 
versus elongation, and power consumption versus rate of rolling. Par- 
ticulars as to the normal average power consumption of several plants 
of varied size and type are tabulated. A number of curves are also 
included in the paper showing the total power consumption as related 
to elongation in several types of mills. 

B. R. Shover, Power in the Iron and Steel Industry in America 
(Paper read before the World Power Conference, July 1924; Iron and 
Coal Trades Review, July 18, 1924, vol. 109, pp. 101-103). The author 
estimates that the steel industry of America consumes, for power pur- 
poses only, more than 12,400,000 tons of coal per year for the average 
production. The consumption of electrical energy in rolling-mills is 
given as 2,500,000,000 kilowatt-hours of which 17 per cent. was pur- 
chased from power companies. A marked feature of the electrification 
of rolling-mills is the almost exclusive adoption of turbo-generators in 
new installations. 

C. Kéttgen, Applications of Electric Power in German Industry 
(Paper read before the World Power Conference, London, July 1924). 
The author describes the applications of electric power in German 
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industry and enumerates the advantages of electric power transmission 
for rolling-mills. 

W. Geyer, Electrical Engineering as a Leading Factor in the De- 
velopment of Modern Steelworks (Paper read before the World Power 
Conference, London, July 1924: Iron and Coal Trades Review, J uly 25, 
1924, vol. 109, pp. 153-154). The improvements made by electrical 
engineering in iron and steel works are particularly noticeable in cen- 
tralised power production and in the power distribution system. In 
combined iron and steel works blast-furnace gas-engines are now 
principally used as prime movers for the electric generators and air 
compressors. Gas-engines have not been able to maintain their 
position except where whole groups of them could be used for central- 
ised power production. The attempts to use blast-furnace gas-engines 
for driving rolling-mills failed owing to lack of overload capacity and 
their inability to meet the demands of speed regulation. The applica- 
tion of electric drives has caused a complete change in the general 
layout and in the working conditions of rolling-mills. The mills are 
no longer tied to the proximity of boiler batteries and can be arranged 
so as to produce the finished material in the shortest time. The 
advantages of steel production in electric furnaces are also briefly dealt 
with. 

E. Poncelet, Rolling-Mill Administration (Revue de Métallurgie, 
May 1924, vol. 21, pp. 255-259). A brief summary is given of 
various considerations which affect the economy of rolling-mill practice, 
including the choice of fuel in the mill furnaces, the differential power 
consumption in mills of different type, the type and control of the 
labour required, maintenance, and the collection and utilisation of mill 
waste. 
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Case-Hardening.—V. E. Hillman, Gases evolved during Carburisa- 
tion (Iron Age, September 11, 1924, vol. 114, pp. 611-614). The 
author has investigated the gaseous products of a number of carburising 
compounds. They contained calcium, barium, magnesium, or sodium 
salts in the form of carbonates. The maximum working temperature 
used in the investigation was 1550°F. It was found that slow or 
accelerated heating does not alter the analysis of the gas evolved at 
the several temperatures adopted. For a given temperature, there is 
a definite maximum concentration of carbon monoxide. At higher 
temperatures the activity of the cements investigated 1s due essentially 
to carbon monoxide. The evolution of carburising gases practically 
ceases at 1550°F. This value is nearly consistent with the com- 
plete dissociation temperature of calcium carbonate. The maximum 
percentage of’carbon monoxide is found within the range 1400° to 
1500° F. The upper value is nearly consistent with the best temperature 
for cementation. The mechanical properties of the steel, in particular 
brittleness of the core, ave less affected at 1550° F. than at any other 
carburising temperature. Prolonging the time at 1550° F. does not 
give rise to appreciable volumes of gas. Herein lies the advantage 
of luting carburising boxes. Boxes sealed with fireclay prevent the 
escape of the active gases which are present in the carburising box at 
1550° F. If the carburising gases were not entrapped, heating above 
this temperature and prolonging the time would be futile toward 
appreciably increasing the depth of case. All the compounds in- 
vestigated gave rise to a saturated hydrocarbon, namely, methane. 
Sufficient methane is evolved at 1100°F. to effect some degree of 
carburisation. Charpy maintains that he obtained true cementation 
as low as 1050° F. with this gas. The illuminants or unsaturated 
hydrocarbons were at all times less than 1 per cent. 

B. F. Shepherd, A Few Notes on the Shimer Case-Hardening Process 
(Transactions of the American Society for Steel Treating, May 1924, 
vol. 5, pp. 485-490). This paper includes curves and photomicro- 
graphs showing the depth of penetration and structure of steel case- 
hardened by the Shimer process. In this process the base of the bath 
is a mixture of sodium and calcium chlorides. This bath is given case- 
hardening properties by adding small lumps of calcium cyanamide. 

J. C. McCullough and O. M. Reiff, Prevention of Case-Hardening 
by Copper-Plating (Industrial and Engineering Chemistry, June 1924, 
vol. 16, pp. 611-613). Specimens of high-quality steel were copper- 
plated locally and were then case-hardened in an electrically heated 
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furnace, the carburising medium employed being a mixture of three 
parts of wood charcoal and two parts of barium carbonate ground 
together. The results show that copper-plating is an absolute protec- 
tion to steel against the penetration of carbon, unless the coating is 
not continuous, or porous owing to defective disposition of the copper. 
Slag spots in the steel may also cause perforations. Perforations may 
be detected by dipping the plated specimen in a solution containing 
5 grammes of potassium ferricyanide and 5 grammes of hydrochloric 
acid with water added to make up 1 litre. Volatilisation of the copper 
may also take place due to prolonged heating. 

T. P. Campbell and H. Fay, The Case-Hardening of Steel by Boron 
and Nitrogen (Industrial and Engineering Chemistry, July 1924, 
vol. 16, pp. 719-723). An investigation was made with a view to 
finding what effects could be produced by case-hardening with boron 
instead of with carbon, and also what effect nitrogen would have 
on a steel thus treated. Low-carbon steel specimens were heated 
at various temperatures in finely divided ferro-boron for different 
lengths of time at temperatures of 800°, 850°, and 900°C. It was 
found that boron penetrates the steel in much the same manner as 
carbon under similar conditions, but the boron-hardened steels show a 
difference in their response to heat-treatment and are never so hard 
as steels containing an equivalent amount of carbon. Nitrogen is 
much more readily absorbed by a boron steel than by a carbon steel, 
this increase in absorptive power being due to the formation of boric 
nitride at temperatures above that at which iron and nitrogen unite 
to form a stable nitride. Boron steels thus nitrified show those 
properties to be expected in a steel of high nitrogen content: extreme 
brittleness and a marked tendency towards exfoliation, chipping, &c. 
Analytical data, hardness numbers and photomicrographs are given 
in support of the authors’ conclusions. 


Heat Treatment of Steel_Sauvageot and H. Delmas, Investiga- 
- tions on the Hardening Capacity of Dead Soft Steel at Very High Tem- 
peratures (Revue de Métallurgie, December 1923, vol. 20, pp. 777-795). 
Dead soft steels containing a maximum of 0-1 per cent. of carbon 
have, in ordinary circumstances, a very low capacity for hardening, 
but in the course of certain experiments on the heating of such steel 
to very high temperatures it was observed that, if the metal was 
quenched from such temperatures, it became much harder than when 
quenched at normal temperatures. The experiments were carried out 
at Creusot, and the apparatus employed is described and illustrated. 
Dead soft open-hearth steel and an Armco iron were used in the tests. 
The analysis is shown below: 


Open-Hearth Steel. Armco Iron, 
Carbon : : : 2 0-090 0-064 
Silicon 4 , : 0-033 0-044 
Sulphur ‘ 3 ‘ ‘ 0-022 0-027 
Phosphorus . ; ; E 0-008 0-029 
Manganese . c : 5 0-330 0-065 


Copper 0 : ¢ : 0-110 nil 
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In the case of the dead soft steel the ball hardness results, when 
quenching was carried out at a temperature varying from 950° to 


1350° C., show an insignificant amount of hardening, but above 1400°, - 


and more particularly in the vicinity of 1459°, all the mechanical 
properties alter suddenly. Further experiments were conducted on 
other samples of open-hearth steel, on Swedish steel, and on wrought 
iron. The results show that even a dead soft steel can be consider- 
ably hardened. The temperature to which it must be heated varies 
between the fusion point of nickel and the fusion point of dead soft 
steel—that is to say, between 1450° and 1470°. It might, a priori, be 
imagined that the hardening was due to a new critical point, but this 
was not borne out by the microstructure, which presented all the 
characters of normal martensite, while the changes resulting from 
annealing appear to be of the same nature as those which occur in more 
highly carburised hardened steels. The observed phenomena appear 
merely to indicate that the ordinary laws of hardening extend to mild 
steel in certain conditions. The critical temperature of hardening 
which, in the case of steels containing more than 0-3 per cent. of 
carbon, coincides with the point Ac3 or is a little higher, rises in the 
case of dead soft steel to the neighbourhood of the melting point, 
leading to the formation of a structure which is wholly martensitic, 


and shows neither troostite nor sorbite. In proportion as the carbon ~ 


percentage in steel diminishes, and it approximates to pure iron, the 
critical temperature of hardening rises. Further experiments are to 
be undertaken to elucidate some of the points which still remain obscure. 

R. 8. MacPherran and J. F. Harper, Spheroidised Cementite in 
Hypoeutectoid Steel (Transactions of the American Society for Steel 
Treating, September 1924, vol. 6, pp. 340-374). The paper gives the 
results of the authors’ experience in the heat treatment of large forgings. 
The object of the investigation was to increase the ductility of forgings, 
especially the ductility, transversely or radially to the direction of 
forging. The method as developed was by spheroidising the cementite 


of the pearlitic constituent of the hypoeutectoid steels. It would ~ 


appear from the experiments that the maximum ductility is obtained 
by the following procedure: A grain-refining treatment is used to 
secure the best dispersed pearlite and ferrite areas of the smallest 
size. This usually consists of heating to above the Ac3 point. De- 
pending upon the forging or casting conditions, this treatment may be 
preceded by a normalising treatment. The spheroidising is then 
accomplished by moderately long heating (five to eight hours) at or 
slightly below the Acl point for the steel as a whole and cooling in air. 
It is found that when the cementite of the pearlitic constituent is 
spheroidised, the tensile properties taken in various directions in 
reference to the line of work in forgings or to the surface in castings 
tend to become the same. The transverse and radial ductility is greatly 
increased by the treatment. Within reasonable limits the effect of 
forging reduction upon the ductility of transverse, longitudinal, and 
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radial tests is eliminated. The distortion which takes place in pearlitic 
steels with ageing or low temperature variations is reduced to a minimum 
when the cementite of the pearlite constituent is spheroidised. 

The Heat Treatment of Carbon Gun Steels (Woolwich Research 
Department, 1920, Report No. 48). The investigation described in 
this report was carried out on carbon steel of the type used in gun 
construction, and was undertaken: (a) to determine the effect of high, 
medium, and low temperatures of hardening and tempering, and the 
influence of different rates of cooling from temperatures both above and 
below the critical range. (6) To correlate the microstructure with the 
heat treatment received and with the resulting mechanical properties. 

The Heat Treatment of Nickel Gun Steel (Woolwich Research Depart- 
ment, 1921, Report No. 49). This report, which forms an extension of 
the work on carbon gun steels described in Report No. 48, deals chiefly 
with the correlation of the microstructure with the heat treatment 
received, the effect of different rates of cooling through the critical 
range, of high tempering temperatures and of rate of cooling from 
the tempering temperature, and on the mechanical properties, including 
results of notched-bar impact tests. 

G. L. Thirkell, Rock-Drill Steel Problem in Australia, with some 
Suggested Steps to its Solution (Proceedings of the Australasian Institute 
of Mining and Metallurgy, December 1923, No. 52, pp. 79-128). The 
author has investigated the causes of rock-drill steel failures in the 
Australian mining industry, and makes a number of suggestions for 
the proper selection and treatment of the steel used for rock-drills. 

N. H. Aall, Softening of an Austenitic Nickel Steel (Stahl und Hisen, 
September 4, 1924, vol. 44, pp. 1080-1081). The martensitic structure 
of a nickel steel containing carbon 0-65 and nickel 13-7 per cent. 
obtained by heating to 600°C. and quenching can be changed by 
annealing for two hours at 300° into an osmonditic structure which 
is easily machinable. If the structure contains austenite it must first 
be rendered martensitic before treatment to change it to osmondite. 
The lowest degree of hardness which can be produced in such a steel 
in the osmonditic condition is about 330 on the Brinell scale. 

A. M. Parkin, The Effect of Heat Treatment and of Variable Carbon 
Content on a Tungsten Magnet Steel of Fixed Tungsten Composition 
(Iron and Steel Institute : Carnegie Scholarship Memoirs, 1924, vol. 13, 

. 1-46). 

Es J. iL Nelson, The Forging of Automobile Crankshafts (Forging, 
Stamping, Heat-Treating, September 1924, vol. 10, pp. 312-317). 
The author gives a general description of the practice followed in the 
design, forging, testing, and heat-treating crankshafts for automobiles. 

G. CO. Davis, Heat-T'reating High-Speed Steel Dies (Forging, Stamping, 
Heat-Treating, September 1924, vol. 10, pp. 360-362). Describes _ 
practice in the heat treatment of blanking dies of high-speed steel, 
which do not lend themselves to grinding after treatment. 

C. G. Lutts, Effect of Proofing and Annealing on Britileness in 
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Large Chain Links (Paper read before the American Society for Testing 
Materials, June 1924). Wrought iron chain links in the proofed state 
and in the annealed state were tested for resistance to shock. The 
tests indicate that the practice of proofing renders the chain links 
brittle and that such links break with a sharp and short fracture under 
shock. This brittleness may be removed by annealing. 

E. K. Smith, Hardened and Tempered Malleable Castings (Trans- 
actions of the American Foundrymen’s Association, 1923, vol. 31, 
pp. 295-312). The change in structure of malleable castings under 
varying heat treatments is shown by means of a number of photo- 
micrographs. 

Annealing, Hardening, and Tempering by the Electrical Process 
(Machinery, May 29, 1924, vol. 24, pp. 263-265). Particulars are given 
of the Lecfur method of heat-treating wire and strip. The essential 
principle of the system is the method of heating. This is effected by 
the passage of low voltage alternating current through the material, 
which itself is used as a conductor, the ohmic resistance acting against 
the flow of the current producing the requisite temperature. 

W. Fraenkel and E. Heymann, Kinetics of Annealing Processes im 
Steel (Zeitschrift fiir anorganische allgemeine Chemie, 1924, vol. 134, 
pp. 187-171). The reactions which occur in quenched carbon steels 
during annealing have been investigated by means of resistance and 
density measurements. 

P. E. McKinney, Problems of the Heat Treater as Influenced by the 
pre-Natal History of the Material (Transactions of the American Society 
for Steel Treating, July 1924, vol. 6, pp. 51-65). The author points 
out that while there have been exhaustive studies made in drawing 
up specifications for high-grade carbon and alloy steels in the direction 
of chemical and physical properties, not enough attention has been 
given to the methods used in melting and refining practice. Numerous 
photomicrographs showing typical structures observed in both normal 
and defective materials are incorporated in the paper. 

M. A. Grossmann, Manufacturing and Heat-Treating Alloy Steel 
(Iron Trade Review, July 17,-24, 1924, vol. 75, pp. 168-172, 215-218). 
The author deals with the development of the alloy steel industry, the 
uses of alloy steels, methods of manufacture, and the factors influencing 
the heat treatment of alloy steels. 

J. W. Urquhart, Heat Treatment of Steel with Special Reference 
to Production (Machinery, May 22, July 17, August 21, September 4, 
1924, vol. 24, pp. 230-233, 497-499, 649-652, 709-712). 

C. H. Fulton, H. M. Henton, and J. H. Knapp, Heat-Treating : 
Its Principles and Applications (Iron Trade Review, 1924, vols. 74 
and 75). A continuation of a series of articles dealing with all the 
important phases of heat treatment. The following chapters have 
been recently published : 

Hardening and Tempering (May 15, 1924, vol. 74, pp. 1809-1312). 

Carburising and Case-hardening (May 29, June 12, 26, vol. 74, 
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pp. 1434-1437, 1560-1562, 1687-1689 ; July 10, 24, vol. 75, pp. 105- 
107, 223-225). 

Heat Treatment of Alloy Steels (August 7, 21, September 4, vol. 75, 
pp. 355-358, 487-489, 595-598). 

Electric Furnaces (September 11, vol. 75, pp. 673-675). 

Heat-Treating at the Chevrolet Plant (Iron Age, July 17, 1924, vol. 114, 
pp. 129-131). Continuous combination furnaces are used by the 
Chevrolet Motor Co., Detroit, for the heat treatment of automobile 
shafts. The furnaces are of the double-deck type with the drawing 
chamber above the hardening chamber. Waste heat from the harden- 
ing chamber is utilised for the drawing chamber. Work passes through 
the hardening chamber into the quenching tank, and at the back 
of the furnace an elevator delivers it to the drawing furnace. The 
combustion chamber is located between the hardening and drawing 
chambers, making a combination over-fired furnace for high temperature 
and an under-fired furnace for low heats. 

H. L. Read, Operation Costs of Reheating Furnaces Reduced (Iron 
Age, June 26, 1924, vol. 113, pp. 1865-1866). Brief particulars are 
given of the use of coke-oven gas for firing and reheating furnaces at 
an American plant. 

R. H. MacGillivray, Electric Furnace for Continuous Hardening and 
Tempering Wire (Paper read before the American Electrochemical 
Society, October 1924). The electric furnace has proved to be an 
economical factor in the hardening and tempering of steel wire. Even 
distribution of heat, with absolute control of temperature, insures a 
uniformly satisfactory product and few or no rejections. 

A. I. Nutting, Electric Furnace Annealing (Tron Age, August 14, 
1924, vol. 114, p. 377). An analysis is given of fuel and labour costs 
in the operation of an electric annealing furnace. 

J. Sorenson, System as Applied to the Control of Furnace Temper- 
atures and Heat Treatment of Automobile Truck Parts (Transactions of 
the American Society for Steel Treating, July 1924, vol. 6, pp. 77-83). 
The author reviews in a general way the necessity of applying an 
adequate control system in the inspection of raw material for auto- 
mobile truck parts, and their subsequent heat treatment. He discusses 
briefly a control system for the identification and accurate heat treat- 
ment of parts in process. 

E. F. Collins, The Metallic Resistor in Industrial Heating Furnaces 
(Chemical and Metallurgical Engineering, June 16, 1924, vol. 30, 
pp- 936-941). An illustrated article dealing with the application and 
design of electric resistance heaters, with special reference to the use 
of metallic resistors. Examples are given showing how this type of 
equipment is applied to heat treatment, japanning and other furnaces. 
The conditions governing the use of the metallic resistor type of furnace 
are also discussed. 

J. F. Harper and H. J. Stein, The Microscope as a Control Instru- 
ment in Annealing Steel Castings (Paper read before the American 
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Foundrymen’s Association, October 1924). The solidification of 
medium carbon steels is briefly explained, and a number of photo- 
micrographs are given showing the changes in structure due to varying 
heat treatments. 

H. J. French and O. Z. Klopsch, Quenching Diagrams for Carbon 
Steels in Relation to some Quenching Media for Heat Treatment (Trans- 
actions of the American Society for Steel Treating, September 1924, 
vol. 6, pp. 251-294). The paper deals with quenching diagrams for 
carbon steels containing from 0-25 to 1-25 per cent. carbon. In these 
are shown the relations between the Rockwell hardness, microstructure, 
thermal transformations and the cooling velocity determined at 
720° C. A discussion is included covering the general relations between 
the quenching diagrams and various quenching media for heat treat- 
ment, such as water at different temperatures, oils, sulphuric acid 
solutions of various concentrations, brines and sodium hydroxide 
solutions. A selected bibliography relating to quenching media and 
the hardening of carbon steels is given. 

H. Scott, Quenching Properties of Glycerin and its Water Solutions 
(Transactions of the American Society for Steel Treating, July 1924, 
vol. 6, pp. 13-32). The author has investigated the cooling power 
of glycerin and its water solutions as well as that of an oil and water 
emulsion, in an endeavour to find quenching media to span the gap 
between water and oil. From observations of experimental quenching 
curves giving the rate of cooling at the centre of a l-inch diameter 
cylinder of 32 per cent. nickel steel, an alloy showing no transformations, 
but having approximately the same thermal properties as austenitic 
high-carbon steel, it is shown that glycerin-water solutions accomplish 
this purpose effectively, and moreover have characteristics distinctive 
from those of oil. The observations on the cooling rates of the baths 
were confirmed by observations of the hardening of deep-hardening 
steel in the several baths. The hardness of these steels, measured by 
the scleroscope and Rockwell tests increased definitely with the cooling 
rate, and the high hardness of the faster cooled steel was maintained 
on tempering below 300°C. By mathematical analysis of the results 
the cooling constants of the several baths were approximately evaluated 
and curves plotted from which the cooling rate at the centre and 
diameter gradients from centre to convex surface of large cylinders 
of any diameter can be estimated under certain limitations. 

8. Tour, Salt Baths (Transactions of the American Society for 
Steel Treating, August 1924, vol. 6, pp. 171-186). The author gives 
the results of practical experience in the use of salt baths for heat- 
treating. Salt baths for the heat treatment of tool steels, design of 
furnaces for the proper melting of salt baths, and the composition of 
various salt mixtures are discussed. 


Drawing, Cold-Working, and Stamping.—British Wire-Drawing and 
Wire-Working Machinery (Engineer, July 18, 25, August 1, 8, 1924, 
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vol. 138, pp. 72-74, 109-112, 130-131, 164-166). Modern wire-rod 
mills and wire-drawing machines are illustrated and described, and an 
account is given of the manufacture of wire rod and steel wire. The 
processes of annealing, patenting, pickling, coating with ferric hydrate, 
dipping and baking are described. The baking at 100° C. removes the 
brittleness resulting from the pickling operation. 

G. F. Comstock, Wire-Drawing and Properties of Steel (Iron Age, 
September 11, 18, 1924, vol. 114, pp. 621-624, 705-707). The author 
has studied the effects of progressive cold-drawing on the strength of 
steel. 

M. Farmer, Production of Cold-Rolled Strip Steel (Forging, Stamping, 
Heat-Treating, August 1924, vol. 10, pp. 295-297). The author 
describes the manufacture of cold-rolled strip steel. 

Continuous Cleaning of Strip Steel (Iron Age, May 8, 1924, vol. 113, 
pp. 1358-1359). Particulars are given of a continuous cleaning machine 
for removing the scale from hot rolled strip steel before cold-rolling. 
The strip is drawn through a row of large pickling vats by means of a 
take-up frame which re-winds it on blocks in its original coil form. 
There is a row of five cleaning vats in series which contain dilute 
sulphuric acid. Following the acid vats there is a cold water vat 
and hot water vat in which the acid is cleaned off. After leaving 
the last vat the strip passes through a gas-heated drying chamber 
and on to the drums of the take-up frame upon which it is coiled. 
The coils are then transferred to the cold-rolling department. Auxiliary 
lime and oil tanks are provided so that, if desired, the strip can be 
coated with lime or oil for shipping. The cleaning machine is in 
operation at the plant of the Trumbull Steel Company, Warren, Ohio. 

F. Koérber and W. Rohland, Influence of Additions of Alloy Metals 
and of Temperature Changes on the Cold-Working Capacity of Metals 
(Mitteilungen aus dem Kaiser-Wilhelm Institut fiir Hisenforschung, 
1924, vol. 5, pp. 55-68). 

J. D. Knox, Operates New Cold-Drawing Plant (Iron Trade Review, 
August 14, 1924, vol. 75, pp. 423-427). An illustrated account of the 
plant of the Anchor Drawn Steel Company, Pittsburgh, for the manu- 
facture of cold-drawn steel. Primary annealing of the steel in coil form 
is carried out in gas-fired lead pots. 

W. C. Chancellor, Manufacture of Seamless Steel Tubing (Pro- 
ceedings of the Engineers’ Society of Western Pennsylvania, July 
1924, vol. 40, pp. 217-248). The author describes the manufacture 
of seamless steel tubes as carried out by the Mannesmann process at 
the Ellwood Works of the National Tube Company. The operations 
necessary for the production of hot-rolled tubes and cold-drawn tubes 
are described in detail, with observations on the structure and properties 
of the material as affected by the cold-drawing and annealing of the 
tubes. 

A. J. Hain, Shoenberger Works (Iron Trade Review, August 21, 
1924, vol. 75, pp. 475-479). An illustrated account is given of the 
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development of the Shoenberger Works of the American Steel and Wire 
Company, Pittsburgh. The plant was the first to be established west 
of the Allegheny Mountains for the manufacture of finished iron 
products. It is the oldest unit among all of the subsidiaries of the 
United States Steel Corporation. The only finished products at the 
present time are horseshoes. The plant was established in 1824. 


Railway Tires.—The Manufacture of Railway Tires (Engineer, 
May 30, 1924, vol. 137, pp. 602-603). The article describes the manu- 
facture of steel tires as practised in Sheffield sixty years ago. The 
first tire rolled from a solid block appears to have been made by Charles 
Bartholomew and John Heppenstall, who in 1857 took out a patent 
for machinery for rolling tires and hoops for railway and other wheels. 
There is reason to believe that the first weldless steel tires were made 
from crucible steel, but when the Bessemer process became established 
Bessemer steel soon superseded all other material for the manufacture 
of tires. The difficulties in working the converter so as to get the 
correct temperature and composition were very great, as the means for 
readily controlling the operations were not then available as they 
are now. A standard composition was aimed at, of which particulars 
are given. About 1882 a demand for higher tensile strength arose, and 
this was obtained by increasing the percentage of manganese and adding 
about 0:5 per cent. of chromium. 


Gun Manufacture——T. Tanimura, Improvements in Gun Construc- 
tion and Allied Problems (Journal of the Faculty of Engineering, Tokyo 
Imperial University, March 1923, vol. 13, No. 4, pp. 103-184). The 
paper deals especially with the strength of relined guns. The erosion 
of gun tubes is quite without remedy at present, so that gun con- 
struction which renders relining most easy is worth while studying 
as a policy of salvage. From calculations of the strength of relined 
guns, it is found that the inner surface of the bore of the relined gun is 
always subjected to a stress beyond the elastic limit. It is shown that 
the ordinary method of designing a gun to facilitate its relining is 
entirely wrong in principle. The self-shrinking process seems to be 
an ideal method of gun construction, and two new methods which 
have some advantages over the existing methods have been proposed 
by the author. 


Welding.—R. Devillez, Autogenous Welding by the Electric Are 
(Revue Universelle des Mines, December 15, 1923, vol. 19, pp. 407-412). 
A brief account of the history and methods of electric welding. 

A. Hochstimm, Electric Are Welding (Zeitschrift des Vereines 
deutscher Ingenieure, February 9, 1924, vol. 68, pp. 129-132). The 
principles and the process of electric arc welding are fully described, 
and the type of apparatus suitable for various kinds of work is indicated. 

H. C. Price, Hlectric Welding of Large Storage Tanks (Paper read 
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before the American Institute of Mining and Metallurgical Engineers, 
February 1924). The paper describes in a general way the electric 
welding of the sheets forming the roofs and bottoms of large oil storage 
tanks, and discusses the advantages of electric welded tanks over those 
of riveted construction. 

Oxy-Acetylene Welding in the Process Equipment Field (Chemical 
and Metallurgical Engineering, September 1, 1924, vol. 31, pp. 341- 
346). The application of oxy-acetylene welding and cutting in the 
production and repair of chemical equipment is described and illustrated. 

A. H. Jansson, Describes Welding Process (Foundry, June 1, 1924, 
vol. 52, pp. 442-443). The use of a welding compound for the welding 
of grey and malleable iron castings is dealt with. The principal con- 
stituent of the compound is stated to be a specially prepared iron 
powder mixed with other chemicals, which have the tendency to 
absorb the carbon from the cast iron, to toughen the metal, and to 
eliminate excessive oxidation. Cast iron may be welded at a com- 
paratively low temperature. The results of tests on welds made 
with the use of this compound are given. 

J. G. Pearce, The Welding of Cast Iron from a Metallurgical Point 
of View (Paper read before the British Acetylene and Welding Asso- 
ciation: Foundry Trade Journal, July 24, 1924, vol. 30, pp. 78-79). 
The factors influencing the weldability of cast iron are discussed, and 
it is pointed out that the weldability in general, and the success with 
which it can be undertaken in particular cases, depends entirely upon 
its constitution, and is essentially a metallurgical problem. 

R. Trautschold, Spot-Welding for Pressed Steel Parts (Forging, 
Stamping, Heat-Treating, July 1924, vol. 10, pp. 265-266). Practice 
in spot-welding is described and its advantages over riveting are 
compared. 

H. Y. Carson, Welding Iron Pipe with Bronze (Paper read before 
the National Gas Association of America : Iron Trade Review, July 10, 
1924, vol. 75, pp. 97-98; Foundry, June 15, 1924, vol. 52, pp. 469- 
470). The use of tobin bronze for the welding of cast iron is briefly 
dealt with. It is shown from tests that the bronze has three times 
the tensile strength of cast iron. Only moderate temperatures are 
required in welding cast iron with tobin bronze. 

Design of Welds (Iron Age, May 8, 1924, vol. 113, pp. 1361-1863). 
At a recent meeting of the American Welding Society, a number of 
short papers were presented outlining the authors’ views on the question 
as to whether a weld in a structure should be designed more rigid or 
more flexible than the parts which it joins. Papers were presented by 
the following, short extracts of which appear : 


J. C. Lincoln, “ Carbon Arc-Welding.” 
S. W. Miller, ‘“ Gas Welding.” 

C. J. Holslag, ““ Metal Arc-Welding.” 
H. A. Woofter, “ Resistance Welding.” 
J. H. Depper, ‘ Thermit Welding.”’ 
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Pickling —C. A. Edwards, Pickling: the Action of Acid Solutions 
on Mild Steel, and the Diffusion of Hydrogen through the Metal. (This 
Journal, p. 9.) 

V.S. Polansky, Pickling of Iron and Steel : A Bibliography (Forging, 
Stamping, Heat-Treating, July, August, September 1924, vol. 10, 
pp. 267-269, 298-801, 350-254). 


Tin-Plating—W. Kramer, Tinning Machines (Stahl und Eisen, 
June 19, 1924, vol. 44, pp. 713-715). The operations involved in 
the tinning of sheets are described, and two tinning machines, the 
Abercarn and the Thomas and Davies, are illustrated. 


Galvanising —H. Bablik, A Study of Fluxing in Galvanising (Metal 
Industry, June 6, 1924, vol. 24, pp. 541-543). The author has studied 
the mechanism of sal-ammoniac as a fluxing agent in galvanising. 

W. OM. Peirce, The Preece Test for Zinc-Coated Materials (Iron Age, 
July 24, 1924, vol. 114, pp. 199-201). The author criticises the value 
of the Preece test, in which a copper sulphate solution is used for the 
testing of zinc coatings on iron and steel. Results are given of tests 
which show that the Preece test does not give comparable deter- 
minations of the weights of coating on galvanised coatings having 
dissimilar surfaces or structures, though it may have’ some value 
for indicating the uniformity of a coating. 


Coating of Metals by Spraying —T. H. Turner and W. E. Ballard, 
Metal Spraying and Sprayed Metal (Paper read before the Institute 
of Metals, September 1924). The appliances and operation of the 
metal spraying process, the nature of sprayed metal coatings, the 
building up of solid articles by spraying, and the efficiency and applica- 
tions of the process are discussed. The process is at the present time 
used in France and Germany to a considerable extent on shipping 
work, and for the protection of overhead transmission line poles and 
wireless masts. It is being increasingly used in this country for the 
protection of certain portions of ships and for propellers. It was 
largely used in Germany during the war for protecting shell parts from 
corrosion. Other uses include the coating of steel vulcanising pans, 
the tinning of tanks intended for foodstuffs, and the coating of oil con- 
tainers with zinc or aluminium. Another use of the aluminium coating 
is that of protecting iron from oxidation at high temperatures. Two 
methods are available—the first and best being that of spraying 
aluminium on to the iron at a red heat after it has previously received 
a very thin coating in the cold state. The second method is by 
spraying the aluminium cold and then transforming some of the metal 
into oxide by the use of chemical reagents. 

Metallisation (Machinery, August 21, 1924, vol. 24, pp. 641-644). 
An illustrated description of the applications of the Schoop metal 
spraying process. 
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Enamelling—_B. Rewald, Use of Antimony in the Enamel Industry 
(Chemiker-Zeitung, May 1, 1924, p. 280). The use of glazes and frits 
containing antimony are suitable for enamel ware, even for food 
containers. According to the author, there is no justification for 
the legal prohibition of the use of antimony for enamel ware. 


( 420 ) 


PHYSICAL AND CHEMICAL PROPERTIES. 


Properties and Tests of Cast Iron.—R. Kiihnel and EK. Nesemann, 
The Structure of High Quality Grey Cast Iron (Stahl und Eisen, 
August 28, 1924, vol. 44, pp. 1042-1044). High quality grey cast iron 
with a strength of 18 kilogrammes per square millimetre contains only 
the three constituents—pearlite, graphite, and phosphide eutectic. 
Ferrite, if present at all, is only to be found in minute traces, and 
cementite cannot be detected. The phosphide eutectic, hitherto 
known also as ledeburite, has sometimes been mistaken for cementite 
in specimens not properly etched. It is proposed that this con- 
stituent in future shall be designated “phosphide eutectic” to the 
exclusion of any other name, since the percentage of phosphorus in 
the iron largely determines the amount and distribution of the phos- 
phide eutectic. Ancient iron castings, which were broken up for scrap 
in the war, proved to be extraordinarily tough, and on examination 
were found to consist of pearlitic iron and to have a chemical com- 
position similar to that of high quality castings with a strength of 
18 lnlogrammes. Analysis showed that they contained not more 
than 0-57 per cent. silicon and 0-06 per cent. phosphorus. 

H. Jungbluth, A Means for Distinguishing Cementite or Ledeburite 
from Phosphide Eutectic (Kruppsche Monatshefte, June 1924, vol. 5, 
pp. 95-98). In ordinary cast irons phosphide eutectic appears in a 


form closely resembling ledeburite or secondary cementite. The - 


author has made trials of several etching reagents with a view to find- 
ing one which will differentiate these two constituents of cast iron. 
Matweieff had previously found that neutral or alkaline picrate of 
soda would fulfil this purpose, and the author’s experiments confirm 
Matweiefi’s work. The neutral picrate solution must, however, be 
prepared from the solid picrate salt and not by neutralising a solution 
of picric acid in water. 

F. Rogers, The Nature of Phosphide Eutectic (Foundry Trade 
Journal, September 4, 1924, vol. 30, p. 194). A photomicrograph is 
given which shows the phosphide eutectic in grey cast iron at 5000 
diameters. This reveals that the constituent, which appears as dark 
markings at 1000 diameters and is commonly described as iron carbide, 
is actually duplex, and, in fact, very similar to pearlite, consisting of 
alternate lamine of iron carbide and iron. It is recognised from the 


research of Stead that there would be present the three constituents 


of the triple eutectic, namely, iron phosphide, iron carbide, and 
austenite, or their transformation products. Thus the presence of 
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laminated pearlite, from the transformation of austenite, is accounted 
for. The pearlite thus associated structurally within the phosphide 
eutectic masses may conceivably be richer or poorer than obtains in the 
normal pearlite ratio. ‘ 

L. Northcott, The Formation of Graphite in Cast Iron (Paper read 
before the Institute of British Foundrymen: Foundry Trade Journal, 
June 19, 1924, vol. 29, pp. 515-521). The author deals with the effect of 
annealing white cast iron at different temperatures and under such 
conditions as to produce temper carbon or nodular graphite, and 
describes experiments of a typical grey cast iron to determine the 
mechanism of the formation of flaky or primary graphite. The paper 
is illustrated with numerous photomicrographs. 

T.. Turner, Some Effects of Casting Temperature and Rate of Cooling 
on the Properties of Metals and Alloys (Proceedings of the Cleveland 
Institution of Engineers, Session 1923-24, pp. 219-237). 

K. J. Lowry, The Effect of Chill on Cast Iron (Paper read before the 
American Foundrymen’s Association, October 1924). The result of 
experiments shows that the deposition of elements varies with the 
casting temperature and rate of cooling. An investigation of chilled 
rolls and car wheel iron was also carried out to verify the experimental 
results. It is concluded that in ordinary chill irons the chill rejects 
the chemical elements from the chilled surface of any iron poured in 
contact with it. Sulphur upsets the normal “ solidifying rejections ” 
when it is in increased percentages over the regular run of cast 
irons. 

H. A. Schwartz and Mrs. A. N. Hird, Chemical Equilibria during 
Solidification and Cooling of White Cast Iron (Paper read before the 
American Institute of Mining and Metallurgical Engineers, February 
1925). The authors have studied the distribution of silicon between 
austenite and cementite during and after freezing, by analysing the 
cementite of various samples of white cast iron separated by the electro- 
lytic solution of the austenite. Incidental information was obtained, 
also, with respect to the distribution of manganese, silicon, and phos- 
phorus, when only relatively small amounts of each are present. It is 
concluded that during the freezing of the ternary system iron-carbon- 
silicon, the silicon will be rejected to the liquid phase and will all be 
found in the eutectic cementite, if the cooling is slow enough to permit 
the attainment of equilibrium. Whether this silicon exists as silico- 
cementite, or as a separate structure of silicide, interlacing with the 
cementite, the authors are unable to state. 

A. Hayes, W. J. Diederichs, and H. HE. Flanders, The Mechanism 
of Graphitisation of White Cast Iron and its Application to the 
Malleabilising Process (Paper read before the American Foundrymen’s 
Association, October 1924). The authors describe an investigation 
carried out at the Iowa State College which, in combination with the 
results obtained by other investigators, resulted in a theory for the 
mechanism of the complete graphitisation of white cast iron. It is 
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stated that the precipitation of the first ferrite about the primary carbon 
spot is due to two factors: (1) The carbon spot promotes the pre- 
cipitation of carbon, and (2) it acts as an inclusion to promote the separa- 
tion of ferrite. Hutectoid action after the ferrite envelope is completed 
takes place by the deposition of ferrite upon that already in the shell, 
while the carbon is precipitated throughout, forming the small carbon 
spots. These carbon spots may therefore be considered as evidence of 
an eutectoid structure. The formation of the ferrite shell around the 
primary carbon spots produces the well-known “‘ bull’s eye ” structure. 
This mechanism leads to the belief that complete graphitisation could 
be brought about in much shorter periods than those now in use com- 
mercially. It is also indicated that a whole series of intermediate 
products of graded physical properties could be produced by only 
minor variations in the annealing treatment. It is also shown that 
if carbon is once deposited in poor form, subsequent treatment will 
prove of no appreciable value in correcting it. 

KE. Piwowarsky, The Effect of the Presence of Titanium in Castings 
Subjected to Malleabilising (Stahl und Hisen, June 26, 1924, vol. 44, 
pp. 745-748). The author has previously shown that the properties 
of ordinary grey iron castings undergo considerable improvement by 
a small addition of titanium (Stahl und Eisen, December 6, 1923, 
vol. 43, p. 1491). The present investigation was undertaken to deter- 
mine in what way the malleabilising process would be affected by the 
presence of titanium in castings made from a pig iron of the following 
composition : carbon 3-38, silicon 0:49, manganese 0-45, and sulphur 
0-15 per cent. The iron was melted in an electric resistance furnace, 
and titanium was added in the form of ferro-titanium containing 
20-9 per cent. titanium and 0-15 per cent. carbon. For purposes of 
comparison three sets of specimen bars were cast—one containing no 
titanium, the second with 0-089 per cent., and the third with 0-12 
per cent. titanium. Micrographs of the material before and after 
annealing are shown. It was found that titanium promoted the forma- 
tion of a fine structure in the casting before annealing, and in the 
malleabilised casting the temper carbon was uniformly in a very fine 
state of division. The dissociation of the carbides was effected more 
rapidly in the case of the titanium-treated metal. The effect of titanium 
is more marked in the black-heart process than in the castings annealed 
with red hematite. 

F. Sauerwald, H. Allendorf, and P. Landschiitz, Density and Eax- 
pansion of Liquid and Solid Grey Pig Iron (Zeitschrift fiir anorganische 
Chemie, 1924, vol. 135, pp. 327-332). The density of a pig iron which 
was practically of a eutectic composition was determined. The solid 
metal showed a mean specific volume of 0-1460 (density = 6-85) at 
700°, which rose to a maximum of 0-1484 (density = 6-73) at 840°, and 
then decreased steadily as the melting point was approached. At 
melting point a sharp decrease took place, followed immediately by a 
rapid increase on liquefaction. The abnormal contraction on melting 
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is probably due to the formation of large quantities of cementite in the 
melt, and the maximum in the specific volume curve is attributed to 
the formation of cementite and y-iron mixed crystals. 

R. Buchanan, The Problem of the Liquid Contraction in Grey Cast 
Iron (Paper read before the Foundry Trades Exhibition Congress : 
Foundry Trade Journal, July 3, 1924, vol. 30, pp. 11-12). The author 
reviews the phenomena of liquid contraction in cast iron and sum- 
marises the conclusions of previous investigators. 

R. T. Rolfe, Some Cooling Effects in Cast Iron and their Correction 
(Metal Industry, May 23, 30, June 6, 1924, vol. 24, pp. 501-502, 525- 
526, 551-552). The author discusses the general causes giving rise 
to internal stresses in castings, and methods of relieving them. Par- 
ticulars are also given of an investigation of annealing temperatures. 

EH. Adamson, Carbon in Cast Iron (Transactions of the Manchester 
Association of Engineers, 1922-1923, pp. 125-169). The author 
discusses the influence of carbon on the molecular physics of cast iron. 

J. W. Bolton, Structural Segregation in Grey Iron (Iron Age, Septem- 
ber 18, 1924, vol. 114, pp. 685-689). The author points out some of the 
normal structural segregations occurring in grey iron and semi-steel, 
and indicates the practical significance of their non-homogeneous 
structures. The segregations especially considered are those of graphitic 
carbon flakes. While the amount and size of these flakes are well known 
to affect the properties of the metal, their exact distribution and its 
significance have received little attention. Some consideration is given 
to the normal variations of pearlite and ferrite, and the effects of 
phosphorus distribution are explained. 

J. W. Bolton, Study Structure of Grey Iron (Foundry, August 15, 
1924, vol. 52, pp. 628-634). The author points out the limitations and 
the precautions necessary in the practical use of the microscope for the 
study of the structure of grey iron. As the distribution of graphite 
in cast iron is not uniform, a considerable area must be included in 
micrographs to obtain representative pictures. By means of a number 
of micrographs the author demonstrates the advantages and dis- 
advantages of low and high power magnifications. Macrography is 
defined as the examination of a polished or an etched surface by visual 
inspection or at low magnification. The American Society for Testing 
Materials approves up to 10 diameters as limiting macrography. In 
low power microscopic methods the author includes work up to 50 
diameters. 

E. Maurer, A Cast Iron Diagram (Kruppsche Monatshefte, July 
1924, vol. 5, pp. 115-122). The author shows a diagram on which 
carbon and silicon percentages are plotted as ordinates and abscisse 
respectively, by means of which he has produced a cast iron, as far 
as possible independent of the cooling conditions, showing a pearlitic 
ground mass with a fine structure and having excellent tensile properties. 

G. W. Gilderman, Vesting Iron to Control the Properties of Castings 
(Paper read before the American Foundrymen’s Association, October 
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1924). The author discusses some of the factors that tend to make 
test-bars unreliable. 

J. W. Bolton, Notes on Composition and Structure of AS.T.M. Bar 
(Paper read before the American Foundrymen’s Association, October 
1924). The author shows the effects of variation in composition and 
structure on the properties of the standard A.S.T.M. cast iron test-bar. 

J. T. Mackenzie, The Standard Test-Bar for Cast Iron Pipe, with 
Special Reference to its Progressive Deflection (Paper read before the 
American Society for Testing Materials, June 1924). The author has 
investigated the elongation and transverse strength of test-bars repre- 
senting cast iron for use in pipe manufacture. The bars were of widely 
different analyses and origin. 

R. Moldenke, Recent Investigations on Cast Iron for Pipe (Paper read 
before the American Society for Testing Materials, June 1924). The 
author gives the results of an extended investigation of the testing 
of castiron. It was found that with present-day material and practice 
the existing specifications for cast iron pipe were too difficult to meet 
generally. Operating tests to improve the metal by varying mixtures 
also failed to give the desired results. Test curves are given for various 
bars used. The relationship of composition and strength of cast iron 
is discussed. 

C. O. Bannister, Cast Iron as an Engineering Material (Trans- 
actions of the Liverpool Engineering Society, 1923, vol. 44, pp. 304— 
314). The causes of variation in composition and the mode of occur- 
rence and influence of the various elements in cast iron are discussed. 
Methods for improving the quality of castings are also summarised. 

W. Rother, Strength of Cast Iron and its Thickness (Iron Age, 
August 7, 1924, vol. 114, pp. 326-327). The author has investigated the 
relationship between the physical characteristics and the thickness of 
iron castings. The results of tests show approximately 11 per cent. 
decrease in strength for each 4 inch increase in thickness. 

A. Marks, Porosity in Cast Iron (Foundry Trade Journal, July 10, 
1924, vol. 30, pp. 25-27). The causes and means for the prevention of 
porosity in castings are discussed. 

T. E. Hull, Growth of Grey Cast Iron (Foundry, April 1, 1924, vol. 52, 
pp. 253-254). The first growth of cast iron is due to occluded gases, 
which, being liberated under pressure, cause deformation of the graphite 
crystals, thus opening up avenues for the entrance of oxygen to the 
iron. The second stage of growth is due to oxidation of iron silicide. 
As the point of maximum growth is approached some free iron is 
oxidised. 

J. H. List, Cold Laps in Cast Iron (Foundry Trade Journal, 
August 21, 1924, vol. 30, p. 166). The causes of cold lap in castings 
are briefly discussed. 


Properties and Tests of Wrought Iron and Steel.—R. Mailinder, 
Fatigue Phenomena and Endurance Tests (Stahl und Kisen, May 22, 29, 
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June 5, 12, 19, 1924, vol. 44, pp- 585-589, 624-629, 657-661, 684-691, 
719-725). The author presents a general review of the investigations 
of previous workers into the phenomena of fatigue, and of the develop- 
ment of various methods of carrying out endurance tests, beginning 
with the work of Wohler and Bauschinger down to the present time. 
The second article of the series illustrates and describes a large number 
of apparatus devised for the performance of endurance tests. An 
extensive bibliography on the subject of fatigue phenomena and 
vibration tests is appended at the end of the series. 

H. W. Gillett and E. L. Mack, Notes on Some Endurance Tests of 
Metals (Paper read before the American Society for Testing Materials, 
June 1924). The authors present the results of an extended investiga- 
tion on the endurance testing of alloy steels and non-ferrous metals 
carried out by the United States Bureau of Mines. Static and impact 
tests with both single and repeated applications of stress were used in 
the investigation. The injurious effect of inclusions is emphasised, 
and the effect of various factors upon the endurance strength of metals 
is pointed out. An appendix is included containing over fifty references - 
to literature on the fatigue of metals. 

H. F. Moore and T. M. Jasper, Fatigue of Metals (University of 
Ulinois, Engineering Experiment Station, Bulletin No. 142, May 26, 
1924, 86 pp.). This constitutes the third report on the progress of the 
investigation. The authors modify and extend the theory that fatigue 
failures in metals start from slip planes within the crystalline grains. 
Specimens of wrought irons and steels which had previously been sub- 
jected to millions of cycles of stress without failure, on retesting showed 
an increase of resistance to further repeated stress. Previous reports 
are contained in Bulletins 124 and 136 of the Engineering Experiment 
Station. The present report covers two nickel steels, ingot iron 
(0:02 per cent. carbon), steels containing 0-045 to 1-20 per cent. 
carbon, copper, brass, bronze, and Monel metal, and a number of heat 
treatments of various steels. A bibliography of the literature on 
fatigue of metals published since the issue of the last report is appended. 

F. S. Merrils, Studies in the Fatique of Metals (fron and Steel Insti- 
tute: Carnegie Scholarship Memoirs, 1924, vol. 13, pp. 83-128). The 
author has studied the effect of structure on the endurance of metals 
subjected to repeated stresses, and deals with the amorphous cement 
theory and the effect of cold-work on the endurance of metals. 

J. G. R. Woodvine, The Behaviour of Case-Hardened Parts under 
Fatigue Stresses (Iron and Steel Institute: Carnegie Scholarship 
Memoirs, 1924, vol. 13, pp. 197-237). The results of the investigation 
indicate that a substantial increase may be expected in the fatigue- 
resisting properties of a case-hardening steel with an increasing pro- 
portion of nickel up to 6 per cent. The moduli of elasticity of the 
material of the case and of the core are practically identical, and may 
be taken as such with confidence. 

P. Oberhoffer and W. Oertel, The Recrystallisation of Electrolytic 
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Tron (Stahl und Hisen, May 15, 1924, vol. 44, pp. 560-561). Com- 
mercial irons show a maximum grain size after a 10 per cent. deforma- 
tion at a temperature between 700° and 800°C. Electrolytic iron, on 
the other hand, does not recrystallise to a maximum grain size under 
the same conditions, and it is supposed that this difference in behaviour 
is to be ascribed to the absence of impurities in the electrolytic iron. 
Carefully conducted experiments with purest electrolytic iron have 
confirmed the observation that a 10 per cent. deformation at the 
critical temperature does not produce a maximum grain-growth in 
the pure iron, but the grains continue to grow very slowly as the 
deformation is increased. The impurities in the commercial iron must 
therefore account for the difference in behaviour. 

W. Riede, Recrystallisation Phenomena in Steels Subjected to Alter- 
nating Stress Tests (Stahl und Eisen, July 24, 1924, vol. 44, pp. 880— 
883). Specimens of silico-manganese steels, chromium steels, nickel- 
chromium, and carbon steels were subjected to rapidly alternating 
stress tests, and the changes in structure were noted. These changes 
differ in amount according to the degree of alternating stress to which 
the material is subjected. 

D. J. McAdam, jun., Accelerated Fatigue Tests and Some Endurance 
Properties of Metals (Paper read before the American Society for 
Testing Materials, June 1924). The paper describes a method of 
investigating the endurance propertiés of metals by the “ accelerated 
fatigue method.” The test is an actual breakdown test, and the saving 
of time effected will be of great. advantage. Results of endurance tests 
on steel and non-ferrous metals by the accelerated method and by the 
slower methods are presented. The paper also presents the results 
of an investigation of the torsion endurance range of steel. 

D. J. McAdam, jun., The Endurance Properties of Corrosion Resistant 
Steels (Paper read before the American Society for Testing Materials, 
June 1924). The author describes the results of an investigation to 
determine the relation of endurance properties to the results of the more 
common mechanical tests. The endurance tests were made by the 
rotating cantilever method and by the alternating torsion method. 

¥. C. Lea and H. P. Budgen, The Effect of High Temperature on the 
Range of Repetition Stresses on Steel (Paper read before the British 
Association, Toronto, August 11, 1924; Engineering, October 3, 10, 
1924, vol. 118, pp. 500, &¢.). The authors describe experiments 
carried out in order to determine the ranges of stress for various mean 
stresses that certain steels would withstand when tested under 2000 
cycles per minute, and at temperatures varying from 15° to 800° C. 

Effect of Sulphur on Endurance Properties of Rivet Steel (Third 
Preliminary Report presented to the American Society for Testing 
Materials, June 1924). Endurance tests were carried out on fourteen 
heats of rivet steel, the sulphur ranging from 0-03 to 0-08 per cent. 
All tests were made upon rivet bar material 43 inch in diameter—that is, 
with the axis of the specimen parallel to the direction of rolling. The 
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bars were tested in the annealed and quenched state. The results of 
the tests are shown graphically. The relationship of the endurance 
limits to other physical properties is also recorded. 

Metallographic Investigation of Effect of Sulphur on Rivet Steel 
(Fourth Preliminary Report presented to the American Society for 
Testing Materials, June 1924). The results are given of an extensive 
metallographic investigation of rivet steel, including the study of the 
microstructure by means of sulphur prints, an investigation of non- 
metallic inclusions, and a study of the microstructure as affected by 
various heat treatments. Decided differences between steels of various 
sulphur content that had received the same heat treatment led to an 
investigation of the microstructure at high magnifications of 1000 and 
4000 diameters, the results of which are included. 

R. R. Moore, Resistance of Metals to Repeated Static and Impact 
Stresses (Paper read before the American Society for Testing Materials, 
June 1924). The paper gives the results of tests to determine the 
endurance limits of some ferrous and non-ferrous metals, the effect of 
a notch and of cold-working on these endurance limits, and the resist- 
ance of these metals to impact stresses. A comparison of endurance 
limits with other physical properties is made. The metals tested 
included carbon steel, vanadium steel, and stainless iron. 

J. R. Cain, Influence of Sulphur, Oxygen, Copper, and Manganese 
on the Red-Shortness of Iron (Paper read before the American Electro- 
chemical Society, October 1924). The influence of these elements on 
the red-shortness of pure iron and Armco iron was investigated in 
a series of small experimental ingots. The ingots were melted under 
vacuum, or in an induction furnace under air. Bars forged from these 
ingots were tested for red-shortness by bending over a blacksmith’s 
anvil, while they cooled from approximately 1100° to 500°C. It was 
found that in order to avoid red-shortness not more than 0-01 per cent. 
of sulphur should be present. Oxygen in amounts up to 0-20 per cent. 
does not cause red-shortness in pure iron if the sulphur is below 0-01 per 
cent. Manganese may prevent red-shortness in iron when present to 
the extent of three times the sulphur percentage, if the oxygen per- 
centage is not over 0-04. The presence of considerable amounts of 
oxygen in irons (0-10 per cent. and above) tends to reduce the efficiency 
of manganese in preventing red-shortness. The hypothesis is advanced 
that this is because some of the manganese is present as oxide. Copper 
(0-05 to 0-5 per cent.) is of minor importance in its effect on red-short- 
ness of pure iron, but in some of the specimens it tended to decrease the 
red-shortness. 

M. A. Grossman, Brittle Range in Low-Alloy Steels (Iron Age, 
July 17, 1924, vol. 114, pp. 149-151). The brittle range existing in 
steels containing a low percentage of alloying element is discussed. 
It is shown by the author that this phenomenon is due to the fact that a 
small amount of austenite is retained as a structural constituent when 
the steel is quenched. This austenite is stable up to certain drawing 
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temperatures, but is then broken up, more or less completely, depending 
on the temperature and the time of drawing. The resultant brittle 
submicroscopic alpha iron interspersed throughout the remaining steel 
microstructure would account for the brittleness. The results of tests 
on chrome-molybdenum steel are given in which the brittle range was 
observed by dilatation methods. 

Belanger, Special Brittleness of Notched Steel Bars after Impact in 
the Notch (Revue de Métallurgie, May 1924, vol. 21, pp. 312-814). 
It was noticed that in breaking up old rails for charging in an open- 
hearth furnace it was customary at a certain works to cut a notch 
through the rail head and then to strike the bottom of the notch, 
whereupon the rail broke much more readily than if any other method 
was adopted. This was thought to be worthy of investigation, as it 
appeared to indicate that the brittleness of a notched bar was greatly 
increased by the blow on the bottom of the notch. As the result of 
experiments, this was found to be the case, although the effect of a 
hammer blow on an unnotched bar was negligible. This type of 
brittleness is evidently little known of at present. Any such manipula- 
tion should be carefully avoided in workshop practice. 

H. 8. Rawdon and 8. Epstein, The Nick-Bend Test for Wrought Iron 
(United States Bureau of Standards, 1924: Technologic Paper No. 252). 
The nick-bend test is included in nearly all specifications for wrought 
iron, the character of the fracture of a nicked bar being the criterion 
by which the material is judged. <A coarsely crystalline fracture is 
generally considered as indicative of inferior material. The majority 
of American specifications are very indefinite regarding the manner by 
which the specimen is to be broken, and permit any method between 
slowly applied pressure and a single-blow impact stress. The authors 
describe an investigation which was carried out upon eight different 
grades of wrought iron, and one of open-hearth iron, which were frac- 
tured under different conditions and the character of the fracture 
was studied. The crystallinity of the fracture depends upon the size 
and distribution of the slag threads in the wrought iron. The rate at 
which the specimen is fractured also affects the character of the break, 
and when broken by severe impact crystallinity usually results. The 
same material broken by bending usually shows a fibrous fracture. 
The results of the investigation show that the test cannot be depended 
upon to show the presence of ‘‘ steel ” in wrought iron nor to give results 
by which fhe phosphorus content may be judged. In short, in many 
specifications the nick-bend clause is meaningless and should either be 
eliminated or redefined. 

W. Oertel and L- A. Richter, The Influence of Size of Ingot and Hot 
Deformation on the Properties of a Nickel Chromium Structural Steel 
(Report No. 4 of the Laboratory of the Glockenstahlwerke A.G., 
Remscheid, 1924, 5 pp.). In the routine testing of nickel-chrome 
steel, containing 4-5 per cent. nickel and 1 to 1-5 per cent. chromium, 
considerable discrepancies in the results of tests were noted, more 
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especially in the notch toughness of specimens taken across the grain 
of the forging. As the cross-section of the bars and the heat treatment 
were the same in all cases, it was supposed that the size of the original 
ingot and the varying degree of forging in the hot state must have some 
influence on the nature of the finished forging, and reference is made to 
the work of Charpy, Descolas, and others on this same question. A 
series of experiments was carried out at the laboratory at Remscheid on 
four ingots of different sizes to determine what the effect of the ingot 
size and degree of forging would be. The results confirmed the observa- 
tions of others, namely, that the specific work of rupture is very greatly 
affected by the degree of deformation in the hot state. The more the 
piece is drawn out under the hammer, the higher is the specific work of 
rupture in longitudinal bars, but that of bars cut transversely is lowered. 
The spreading of a forging under the hammer, however, produces just 
the opposite effect. The influence of the ingot size diminishes accord- 
ing as the cross-section is reduced by forging. The changes in notch 
toughness are attributable to the development and changes in the 
primary fibrous structure due to deformation in the hot state. 

P. Ludwik, The Significance of the Elastic Limit, Elongation, and 
Notch-Toughness for the Structural Engineer (Zeitschrift fiir Metall- 
kunde, June 1924, vol. 16, pp. 207-212). The usual methods of testing 
the mechanical properties of materials are discussed and explained. 
The tensile test alone is an insufficient criterion, and the measurement 
of the limit of elasticity is difficult to carry out with accuracy. To 
get trustworthy results the tensile test,in conjunction with the notched- 
bar impact test, should be used. 

G. Welter, The Dynamic Method of Measuring the Elastic Limit of 
Metals and Alloys (Zeitschrift fiir Metallkunde, June 1924, vol. 16, pp. 
213-220). In continuation of his previous paper (Ibid., January 1924, 
pp. 6-11), the author has worked out a new method for determining 
the elasticity of metals by an impact tensile test. A drop machine 
is used and readings are taken with a modified form of Martens’ mirror 
apparatus, which is clamped to the test-bar and will register a permanent 
elongation as small as 0-001 millimetre. Theoretically, the dynamic 
elastic limit should agree with the static, but in practice the elastic 
limit as determined by dynamic methods lies considerably higher than 
that determined by the use of a static load. The dynamic method, 
however, gives more accurate results. 

R. H. Smith, High Tensile Strengths of Low Carbon Steels (Paper 
read before the American Society for Testing Materials, June 1924). It 
is shown that.the properties of steels (carbon under 0-15 per cent.) are 
greatly affected by heat treatment. It is possible to obtain a tensile 
strength of 90,000 lbs. per square inch and higher without brittleness. 

H. P. Troendly and G. V. Pickwell, @ New Theory on Overstrain 
and Strength of Materials (Transactions of the American Society for 
Steel Treating, August 1924, vol. 6, pp. 145-170). The authors present 
a résumé of the various theories relating to elastic and plastic 
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deformation and the mechanism of slip. They have evolved a new 
theory on the mechanics of overstrain and strength of materials, which 
might be termed ‘“‘ the plastic transfer of the proportional elastic range.” 
They conclude from the evidence which they review and the new data 
they submit that any strengthening as the result of cold-work is not 
through the formation of a hard amorphous material which renders the 
section deformed of higher elementary unit-strength, but that the in- 
crease in strength in any direction is at the expense of the strength 
in the opposing direction. Also that the increase in strength in the 
direction of overstrain is through a mechanism of slip whereby more of 
the elementary areas or units are allowed to slip into position to assume 
higher stress in the direction of overstrain. 

T. M. Jasper, The Calculation of Quenching Stresses in Steel by 
Using Direct Measurements (Paper read before the British Association, 
Toronto, August 12, 1924: Engineering, September 5, 1924, vol. 118, 
pp. 343-344). A description of a method of determining quantita- 
tively the internal stresses set up by quenching and the distribution 
of these stresses in the cross-section of a series of heat-treated bars, 
together with a description of their relative importance, is presented. 
It appears that the elastic limit, or limit of proportionality, between 
stresses and strains in iron and steel, is largely dependent on initial 
quenching and subsequent treatment. This shows that the elastic 
limit is not a static property which should be used as a basis in design. 
The yield point, and failing this, the ultimate stress, 1s the best char- 
acteristic static property to use with a factor of safety consistent with 
the requirements of design. 

J. Seigle and F. Cretin, Hlastec Linut and Tensile Strength of 
Annealed Mild Steels under Combined Tensile and Torsional Stress 
(Comptes Rendus, July 21, 1924; Génie Civil, August 23, 1924, vol. 85, 
p- 178). The results of the authors’ experiments lead to the conclu- 
sion that the safe load for mild steel material under torsional shear- 
ing stress is 60 to 65 per cent. that of the safe load of the same material 
under tensile stress. 

P. Nicolau, Calibration of Tensile Test Machines by means of Test- 
Pieces (Revue de Métallurgie, June 1924, vol. 21, pp. 342-355). The 
usual method employed for calibrating a tensile testing machine is 
open to many objections, chief amongst which are its costliness, no 
less than twelve test-pieces being required, and sometimes more, and 
its lack of accuracy. The 4 per cent. tolerance allowed in such tests 
is too large. An alternative method employed at the Saint-Jacques 
de Montlugon Works has yielded far more satisfactory results. Two 
groups of test-pieces are cut from the same homogeneous mild steel 


and made into two sets of test-pieces of respectively different diameters, — 


one set being tested on thgstandard machines to maximum breaking 
strain, and the other set being distributed to other observers, with the 
data derived from the first set of tests. Actual experiment has estab- 
lished that with reasonable care the tolerance need not, in such cases, 
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exceed 0°35 per cent., while the whole process can be greatly cheapened. 
Details of the method and of the results are given. 

F. Cretin and J. Seigle, Some Results of Shearing Tests on Steel Cable 
Wires (Revue de l’Industrie Minérale, Mémoires, December 1, 1923, 
pp. 667-674). An account of tests on the shearing strength and 
general behaviour of various kinds of drawn steel wire employed in 
the manufacture of wire ropes and cables. 

J. Seigle, Some Observations on the Effects of Permanent Torsion on 
Steels (Comptes Rendus, 1924, vol. 178, pp. 2062-2065). Steel bars 
were subjected to permanent deformation by torsion and the outer 
cylindrical layers were then removed by acid attack. When these 
were dissolved the inner layers tended to straighten, though complete 
recovery from the twisted condition was never attained. The change 
in length through twisting beyond the elastic limit was measured. 

J. Seigle and F. Cretin, Torsion Testis of Metals ; Elastic and Per- 
manent Deformation (Génie Civil, June 7, 14, 1924, vol. 84, pp. 545- 
549, 565-568). Cold-worked and annealed steels were subjected to 
torsion tests, and the results are plotted in the form of diagrams. The 
torsional limit of elasticity, reduction of area, and behaviour of the 
individual layers of material were noted. 

L. Aitchison, The Low Apparent Elastic Limit of Quenched or Work- 
Hardened Steels (Iron and Steel Institute: Carnegie Scholarship 
Memoirs, 1923, vol. 12, pp. 113-217). 

L. Aitchison, Some Fundamental Defects of Hardened Steels (Trans- 
actions of the American Society for Steel Treating, May 1924, vol. 5, 
pp. 491-503). With the exception of plain carbon steels that con- 
tain less than 0-35 per cent. carbon, all steels when in the fully 
hardened state have certain definite properties which can be regarded 
as being defects. These defects, or some of them, are found in steels 
that have been hardened either by cold-working or quenching. One 
adverse property of these steels is the abnormally low value of the 
limit of proportionality. This is found in both quench-hardened and 
work-hardened steels, but the cause of its presence in the two types 
of steel is not identical. The existence of the low value of the limit 
of proportionality in quenched steels is connected definitely with the 
stresses that have been endured by the steel during the actual quench- 
ing operation. It seems that wherever any austenite is present in the 
steel—even in quite small quantities—a low value of the limit of pro- 
portionality is found. The limit of proportionality of all fully har- 
dened steels is raised by reheating. The quenched and air-hardened 
steels give the highest value of the limit of proportionality when 
tempered at a temperature between 350° to 400°C. Naturally such a 
treatment reduces the maximum stress from the fully hardened value, 
so that this treatment cannot be applied in the event of the high- 
maximum stress being necessary. In the cold-worked steels the cause 
of the low value of the limit of proportionality is to be found in the 
changes brought about in the steel during the working process. There 
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seems to be little doubt that the low elastic limit in such steels is the result 
of the slipping induced in the ferrite of the steel during the cold-working. 
A cold-worked steel can be reheated safely to the proper temperature for 
producing a high value of the elastic limit without thereby losing its 
strength or hardness. Values of limit of proportionality in different 
hardened steels are given, and it is shown that there is a very large 
difference between the actual stress which produces som» permanent 
deformation in the steel and the stress which is generally called the 
yield point. Another defect that is found in quenched steels, and 
particularly in those that when quenched acquire a high maximum 
stress, is instability of volume. The fundamental aspect of this prob- 
lem is also discussed. 

F. Kérber and W. Rohland, The Elastic Behaviour of Cold-Worked 
Steel (Mitteilungen aus dem Kaiser-Wilhelm Institut fiir Hisen- 
forschung, 1924, vol. 5, pp. 37-54). Experiments were carried out to 
determine the influence of the degree of cold-working and ageing on 
the elastic behaviour of steel, and the effect of the duration of cold- 
stretching on the capacity of different carbon steels to recover their 
original length. In the light of the phenomena observed, an explana- 
tion of the behaviour of cold-worked steel when subjected to elastic 
tests 1s given. ; 

W. P. Sykes, Tensile Properties of some Steel Wires at Liquid Aur 
Temperatures (Transactions of the American Society for Steel Treating, 
August 1924, vol. 6, pp. 138-144). The author has compared the 
tensile properties of low-carbon steel, nickel steel, and chrome-molyb- 
dentim steel as measured at room temperature and the temperature 
of liquid air (about — 180° C.). The steels, in the form of wire, were 
tested in tension as annealed, as water-quenched, and as quenched and 
tempered at four temperatures between 300°C. and 700°C. Maxi- 
mum tensile strength was found in the chrome-molybdenum steel 
either as hardened, hardened and tempered, or annealed when tested 
at — 180°C. Maximum ductility, indicated by elongation and 
reduction of area, was shown by the nickel steel after hardening 
and tempering at 700°C. The nickel steel possessed throughout the 
highest elongation of the three steels tested. 

W. Rosenhain, Present Position of the Theories of the Hardening of 
Steel. (This Journal, p. 145.) 

J. Cohade and EH. Schneider, Comparative Tests on Hardness of 
Various Tool Steels when Heated (Revue Universelle des Mines, Janu- 
ary 15, 1924, vol. 1, pp. 75-104). The object of the investigation was 
to ascertain the comparative hardness, when heated, of three typical 
tool steels: a carbon steel, a tungsten steel, and a high-speed chromium- 
tungsten-vanadium steel, and to find out the reasons for the superior 
cutting properties of the latter. It was sought likewise to study the 
influence of the quenching temperature and heat treatment on the hot- 
hardness of certain high-speed steels and to establish a relationship be- 
tween the heat treatment, the hot-hardness, and the cutting properties. 


PHYSICAL AND CHEMICAL PROPERTIES. 433 


The conclusions arrived at were as follows: The hot-hardness (at 550°C.) 
of the high-speed tools tested increases steadily in proportion as the tem- 
perature of quenching becomes higher, up to 1350° C., and such quench- 
ings confer a partial austenitic structure on the steels. It is the 
transformation of the austenite into martensite which, at about 600° to 
650° C., produces the secondary hardening. Above 1200° high-speed 
steels have a wholly martensitic structure, have a lower hot-hardness, and 
do not display secondary hardening. The best cutting properties are 
developed by quenching from very high temperatures (1300° to 1350° C.). 
In regard to steels containing tungsten, the hot-hardness increases slightly 
with the percentage of tungsten. Hot-hardness, measured by the ball 
test, however, is a variable property even for the same steel, and cannot 
alone be used to determine the comparative utility of different high- 
speed steels. 

H. Schottky, Hardness of Iron Nickel Alloys (Zeitschrift fiir anor- 
ganische allgemeine Chemie, 1924, vol. 133, pp. 26-28). 

S. L. Hoyt, The Ball Indentation Hardness Test (Transactions 
of the American Society for Steel Treating, September 1924, vol. 6, 
pp. 396-420). The author discusses Meyer’s analysis of the ball in- 
dentation test, and shows the manner in which such an analysis can 
be applied to certain fundamental problems in hardness testing. 

EK. G. Herbert, Work-Hardening of Various Metals (Iron Age, 
June 19, 1924, vol. 113, pp. 1792-1793). The application of the 
Herbert pendulum tester for the investigation of the work-hardening 
of various metals is discussed. 

C. Benedicks and V. Christiansen, Investigations on the Herbert 
Pendulum Hardness Tester. (This Journal, p. 219. See also Jernkon- 
torets Annaler, No. 7, 1924, vol. 108, pp. 361-393.) 

A. Hultgren, Improvements in the Brinell Test on Hardened Steel, 
including a New Method of Producing Hard Steel Balls. (This 
Journal, p. 183. See also Jernkontorets Annaler, No. 9, 1924, 
vol. 108, pp. 453-494.) 

A. Vierendeel, The Phenomenon of the Cold-Working of Iron and 
Steel (Génie Civil, June 28, 1924, vol. 84, pp. 630-631). 

R. Arrowsmith, A Note on the Effect of Grain-Size on the Extension 
at the Yield Point in Armco Iron. (This Journal, p. 317.) 

E. Marcotte, New Process for Preventing the Wear of Rails and Tires 
(Arts et Métiers, January 1924, vol. 77, pp. 5-21). This question, the 
importance of which is becoming more and more recognised, was the 
subject of discussion at the International Rail Congress, held in Rome 
in 1922. The axle load in the case of locomotives has now reached as 
much as 33 tons, and speeds have likewise increased. Such progress as 
has been made in steel rails during the last few years has been in the 
direction of increasing the section and improving the chemical com- 
position of the metal and its method of heat treatment. Increasing 
the section has not proved satisfactory, but the addition of alloy metals 
to the steels has had better results. In America titanium has been 
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used, but the so-called titanium steel rails do not contain any of that 
element, which is really added solely as a deoxidiser. Nickel steel 
rails are too costly, but manganese steel rails are currently used. High- 
carbon steel rails are too brittle, and high-silicon steel rails suffer from 
the same disadvantage, although in certain circumstances silicon can 
with advantage be added, provided the carbon be kept low. The 
progress in heat treatment is discussed, but the problem is compli- 
cated by the fact that a rail requires to be hardened in order to prevent 
wear, and yet not hardened sufficiently to render it brittle. The 
various factors which have to be taken into consideration are grain- 
size, and structure. The experience gained during the war in the 
manufacture of steel shells has thrown considerable light on the struc- 
ture suitable for metal intended for rails. In this connection the 
Sandberg process has yielded very satisfactory results. Such rails 
have a sorbitic structure, and are now being very largely employed. 
A further advantage of the process is that it can be readily applied in 
the existing plant, and does not need the installation of special mills. 
Tables are given of some of the actual results obtained in practice, 
both in regard to impact resistance and to hardness. Sorbitic steel 
is now being used in the manufacture of tires as well. The paper is 
accompanied by numerous photographs. 

J. H. Hall and G. R. Hanks, Composition and Physical Properties 
of Cast 12 per Cent. Manganese Steel (Paper read before the American 
Society for Testing Materials, June 1924). The paper gives the average 
composition of manganese steel, with brief comments on the proper 
limits for the different metalloids and a summary of methods of manu- 
facture employed in foundries. Heat treatment, metallography, and 
the physical properties, including tension and bending tests, shear, 
hardness, resistance to wear, fatigue resistance, coefficient of expan- 
sion, heat and electrical conductivity, and magnetic properties are also 
summarised. 

Sir Robert Hadfield, Modern Trackwork and its Importance (Paper 
read before the Institute of Transport, Sheffield 1923). The applica- 
tion of manganese steel for rails and trackwork is discussed. 

Spring-Testing Machine for Railway Rolling Stock (Iron and Coal 
Tradés Review, July 4, 1924, vol. 109, p. 18). Particulars are given 
of an Avery testing machine for the testing of laminated and coil 
springs used on railway rolling stock. The machine described has a 
maximum loading capacity of 20 tons, and vibratory tests can be 
carried out in addition to deflection tests. 

J.S. G. Primrose, Dynamometers (Paper read before the Manchester 
Association of Engineers, January 25, 1924). The paper reviews some 
of the more modern types of dynamometers. 

_ ©. Frémont, The Mechanical Testing of Steel Tubes (Etudes Ex- 
perimentales de Technologie Industrielle, Mémoire No. 65, Paris 1923, 
52 pp.). The author illustrates and describes the methods ordinarily 
in use for testing steel tubes, and prescribes new methods of testing 
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which will enable the more accurate determination of the tensile 
strength, elongation, brittleness, hardness, and purity of the metal. 

T. W. Greene, Strength of Steel Tubing under Combined Column and 
Transverse Loading, including Tests of Columns and Beams (United 
States Bureau of Standards, 1924, Technologic Paper, No. 258). 

G. Pigeaud, Strength of Steel Cables (Génie Civil, April 12, 19, 26, 
May 3, 1924, vol. 84, pp. 345-351, 374-378, 399-402, 421-423). The 
author deals more particularly with cables for suspension-bridges, 
giving mathematical calculations for determining their strength and 
conditions of equilibrium. 

H. L. Whittemore and A. H. Stang, Tests of some Girder 
ae (United States Bureau of Standards 1924, Technologic Paper, 

0. 260). 

A. de Marneffe, Note on the Influence of the Method of Piercing Holes 
in Steel Bars (Revue Universelle des Mines, April 1, 1924, vol. 2, pp. 
42-48). Deals with the loss in tensile strength of metal plates which 
have had holes punched in them as compared with plates in which the 
holes have either been drilled or punched, and subsequently reamered 
out to a wider diameter. The latter is by far the best method. Ex- 
periments showed that from the point of view of safety, holes ‘should 
not be punched, unless they are subsequently reamered, as this serves 
to remove areas which, having been subject to severe shearing stresses, 
remain strained and a source of weakness. 

C. Benedicks, D. W. Berlin, and G. Phragmen, 4A Method for the 
Determination of the Specific Gravity of Liquid Iron and other Metals of 
High Melting Point (Iron and Steel Institute: Carnegie Scholarship 
Memoirs, 1924, vol. 13, pp. 129-166. See also Jernkontorets Annaler, 
No. 6, 1924, vol. 108, pp. 808-333). Iron with low carbon contents, 
containing originally 0-10 per cent. carbon, which, however, in the course 
of the experiment is estimated to have increased to 0:2-0-3 per cent., 
was found to have a specific gravity at 1550° C. of 6-92 + 0:07. 

O. Hengstenberg, The Density of Iron-Silicon Alloys and their 
Relation to the Phase Diagram (Stahl und Eisen, July 31, 1924, vol. 44, 
pp. 914-915). It is shown that the silicon contents of iron-silicon 
alloys may be approximately estimated by measurement of the specific 
volumes of the alloys. 

J. H. Andrew and A. J. K. Honeyman, The Specific Volume of 
Steels (Iron and Steel Institute : Carnegie Scholarship Memoirs, 1924, 
vol. 13, pp. 253-266). The values obtained by the authors for the 
specific volume of iron and of cementite, and the double iron-chromium- 
carbide found in annealed nickel-chromium steels, show that the 
measurement of the specific volume affords a convenient and ready 
method of investigating the changes produced in steel by thermal 
treatment. 

L. Aitchison and G. R. Woodvine, Changes of Volume of Steels 
during Heat Treatment. (This Journal, p. 275.) 

M. Jakob, New Tests on the Heat-Conductivity of Liquids, Insulating 
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Materials, and Metals (Chaleur et Industrie, February 1924, vol. 5, 
pp. 62-65). An account of a new apparatus and method for esti- 
mating thermal conductivity. The experiments described relate, for 
the most part, to tests made on the conductivity of nickel steel con- 
taining 30 per cent. of nickel. This material has a remarkably low 
conductivity which renders it specially useful in many industrial and 
scientific applications. 

P. Chevenard, Dilatometric Analysis of Alloys, with Special Refer- 
ence to Cast Iron (Paper read before the Institute of British Foundry- 
men: Foundry Trade Journal, July 3, 1924, vol. 30, pp. 3-10). The 
dilatometric method for the physical analysis of solid bodies presents, 
unlike the electrical and magnetic methods, the advantage of distinct 
sensitiveness to secondary reaction, such as impurities, thermal history, 
and other phenomena which are unable to mask the essential facts. 
The author deals with the technique of dilatometric analysis and 
reviews some of the results obtained with cast iron. 

D. W. Berlin, Determination of the Coefficient of the Dilatation of 
Tungsten (Iron and Steel Institute: Carnegie Scholarship Memoirs, 
1924, vol. 13, pp. 167-174). 


Specifications.—J. O. Roos af Hjelmsiater, Nomenclature im Con- 


ne:tion with the Testing of Tensile Strength of Metals, Standard Tensile 


Test-Pieces for Iron and Steel, Specifications for Forgings for Machine 
Parts and for Steel Castings (Jernkontorets Annaler, 1924, vol. 108, 
pp. 404-450). 

Dimensions and Properties of British Standard Rolled Steel Sections 
for Structural Purposes (British Engineering Standards Association, 
1924, Report No. 6). The revised edition of this Report includes the 
values of the geometrical properties of all the British Standard Steel 
Sections for structural purposes in all the standard thicknesses. For 
the convenience of designers a series of approximate formule has been 
added by which the geometrical properties of intermediate sizes of the 
standard sections, standard sections having web thicknesses other than 
those given in the lists, or sections of similar proportions to the stan- 
dards, can be obtained. Metric equivalents of the standard dimen- 
sions, areas, and other geometrical properties, and the calculated 
weights of the sections are also given. 

British Standard Specification for Galvanised Steel Wire Strand for 
Signalling Purposes (British Engineering Standards Association, 1924, 
Report 163). 

British Standard Schedule of Valve Steels and Valve Forgings for 
ee ee (British Engineering Standards Association, 1924, Report 

British Standard Dimensions for Narrow Type Concentric Piston 
Rings for Automobiles (British Engineering Standards Association, 
1924, Report 5023). 


Interim British Standard Specification for Iron Castings for Air- 
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Cooled and Jacketed Cylinders for Automobiles (British Engineering 
Standards Association, 1924, Report 5024). : 

British Standard Schedule of Wrought Steels for Automobiles (British 
Engineering Standards Association, 1924, Report 5005). 

British Standard Schedule of Sheet Steels for Automobiles (British 
Engineering Standards Association, 1924, Report 5007). 

British Standard Schedule of Steel Tubes for Automobiles (British 
Engineering Standards Association, 1924, Report 5009). 

Interim British Standard Specification for Iron Castings for Sand- 
Cast Pistons and Valve Guides for Automobiles (British Engineering 
Standards Association, 1924, Report 5025). 

Interim British Standard Specification for Iron Castings for Fly- 
wheels for Automobiles (British Engineering Standards Association, 
1924, Report 5026). 

Report of Committee Al on Steel (American. Society for Testing 
Materials, June 1924). This Report contains a number of proposed 
revisions in certain standard and tentative specifications for steel, 
issued by the American Society for Testing Materials. 

Report of Committee A2 on Wrought Iron (American Society for 
Testing Materials, June 1924). This Report contains the revisions of 
standards for wrought iron, and the proposed revised tentative speci- 
fications for iron and steel chain. 

Report of Committee A4 on Heat Treatment of Iron and Steel (Ameri- 
can Society for Testing Materials, June 1924). Particulars are given 
of the proposed revised tentative recommended practice for heat 
treatment of carbon-steel castings. 


Magnetic Properties of Iron and Stee!.—H. H. Crapper, The Elements 
of Magnetic Analysis (Engineering, April 11, May 9, 23, June 20, 27, 
1924, vol. 117, pp. 452-454, 601-602, 660-662, 786-788, 816-817). The 
author endeavours to evolve a system for determining the exact values 
of magnetic constants by magnetic analysis. The magnetic properties of 
a sample of steel are fixed by its constitution, which is the resultant 
of the composition and physical treatment to which it has been sub- 
jected ; consequently there must be some definite relation between the 
magnetic and other physical properties of the material. Since the 
effects of thermal and mechanical treatment upon the magnetic pro- 
perties may be determined experimentally without destruction of the 
test-pieces, there is a distinct advantage in this method. 

L. Guillet, The Hardening of High-Speed Tool Steels, and their 
Electrical Resistivity (Revue de Métallurgie, October 1923, vol. 20, 
pp: 656-664). Although numerous investigations on the composition, 
heat treatment, use, and constitution of high-speed tool steels have 
from time to time been carried out, one of the properties best calcu- 
lated to elucidate hardening phenomena—namely, the electrical re- 
sistance of the steels—has hitherto been ignored. The present 
research bore upon the influence of hardening temperature, annealing 
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temperature, and duration of heating period prior to quenching upon 
the electrical resistance. The steel was a complex one, containing 
0-65 per cent. of carbon, 18-20 per cent. of tungsten, 3-60 per cent. of 
chromium, and 0-80 per cent. of vanadium. It was found that the 
electrical resistance increased the longer the period of heating and the 
more markedly the higher the temperature. Heating to 1200° C. for 
2 minutes was equivalent to heating to 1100° for 20 minutes. The 
temperature influence was therefore obvious. From the point of view 
of the hardness it was found that this increased with the increase in 
the period of heating, when a temperature of 900° C. was employed. 
At 1000° heating for 10 to 20 minutes had the same result. At 1100° 
the hardness decreased as the hardening temperature increased, and 
at 1200° the hardness remained constant after 10 minutes’ heating. 
The hardness after annealing is greater than on quenching if the 
quenching temperature is above 1100° C. 

S. R. Williams, Hardness of Steel Balls by Magnetic Tests (Trans- 
actions of the American Society for Steel Treating, May 1924, vol. 5, 
pp. 479-484). The paper describes a rapid method for determining 
magnetically the hardness of steel balls. The arrangement of the 
apparatus used by the author is shown, and the results of tests on 
balls of different hardness are included. 

L. Fraichet, The Magnetisation of Steel Produced by Tensile Stress 
(Génie Civil, May 24, 1924, vol. 84, pp. 495-498). The author de- 
scribes a magnetic method of testing steel specimens and recommends 
the use of it'as complementary to the ordinary tensile test. 

R. L. Sandford, The Present Status of Magnetic Analysis (Trans- 
actions of the American Society for Steel Treating, June 1924, vol. 5, 
pp. 577-589). Reference is made to the numerous types of testing 
equipment which have been developed in the study of special shapes 
and types of material. The author also reviews the history of magnetic 
studies of various investigators, and points out the advantages and 
disadvantages of this method of testing. The paper includes a biblio- 
graphy of the literature on magnetic analysis published during the 
period 1914-1924. 

R. Cazaud, The Annealing of Sheets used in Electrical Constructions 
(Comptes Rendus, May 12, 1924; Revue de Métallurgie, August 
1924, vol. 21, pp. 473-483). In electrical machines, magnetic circuits 
subjected to very wide variations in flux are built up of thin sheets 
which must possess: (1) high magnetic permeability ; (2) a low and 
uniform hysteresis ; (3) high resistivity; and (4) a minimum thickness 
compatible with workshop operations. The kind of sheets employed 
comprise : (1) dead soft steel with carbon below 0-10 per cent. ; and 
(2) special steels containing the same amount or less of carbon and 
from 1 to 5 per cent. of silicon. The silicon steel affords, in greater 
degree than mild steel, the qualities required, and possesses the further 
advantage of not “ageing,” and therefore preserves them unchanged 
by the efflux of time. It is found that cold-working reduces the per- 
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meability and increases the hysteresis losses, and such sheets, rolled 
or worked cold, possess but indifferent properties, which are susceptible 
of very considerable improvement on annealing. A number of tests 
were carried out to ascertain the best conditions for the annealing of 
such sheets. The steel in question contained 2-85 per cent. of silicon. 
Tt was found that, on annealing at 450° C., improvement set in. Above 
this temperature, both maxima and minima were encountered in 
regard to hysteresis losses, and above 800° the magnetic properties 
deteriorated. The permeability was invariably greater in the direction 
of rolling, and lower in the transverse direction. The influence of 
duration of annealing was likewise investigated. The results of the 
experiments are recorded in tables and plotted as diagrams. The 
broad conclusions derived from the research were: (1) that annealing 
is indispensable ; (2) that a maximum of the desired qualities is 
developed at about 800°C., irrespective of the silicon content ; 
(3) that annealing should last at least two hours, and that no improve- 
ment could be found after more than ten hours’ annealing ; (4) that 
air-cooling after annealing was to be recommended, to avoid deteriora- 
tion in the quality ; and, finally, (5) that annealing should be carried 
out in a reducing atmosphere. 

M. A. Hunter and A. Jones, Some Electrical Properties of High 
Resistance Alloys (Paper read before the American Society for Testing 
Materials, June 1924). The specific resistances and temperature co- 
efficients of high resistance alloys at high temperatures are summarised. 
The alloys discussed are divided into three groups: Material of high 
resistance for use at temperatures below 500° C., having nickel as their 
major constituent ; materials of high resistance for use at temperatures 
above 500° C., including alloys which are essentially combinations of 
nickel, iron, and chromium, in various proportions; and materials 
having special properties which render them useful under restricted 
conditions, such as the high temperature coefficient of electrical 
resistance of pure nickel and the remarkably low temperature coefh- 
cients of some alloys. The attempt to use high resistance alloys as 
elements in base metal thermocouples for the measurement of tempera- 
ture was a natural step in the development of these alloys, and some 
information has therefore been included in the paper on the electro- 
motive force which may be expected from various combinations of 
‘these materials. 

E. D. Campbell and G. W. Whitney, A Laboratory Method for the 
Preparation of Small Steel Bars. Differing only in Carbon Content, and 
the Effect of Changes in Carbide Concentration on the Specific Resistance 
- (Transactions of the American Society for Steel ‘Treating, July 1924, 
vol. 6. pp. 32-50). The authors give a brief description of a laboratory 
method by means of which small steel bars, varying only in carbon 
content, may be prepared, and also the results of specific resistance 
measurements on some such bars when annealed and when hardened 
by quenching in oil or water. By systematic application of the 
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principles involved in carburisation by means of carburising mixtures, 
decarburisation with moist hydrogen and equilibration in dry hydrogen 
at 950° C., the authors prepared four series of steels, comprising 38 
compositions with carbon contents ranging from 0-0 to 1-75 per cent. 
Specific resistance measurements were made of annealed, oil-hardened, 
and water-hardened round bars and of square bars in both annealed 
and oil-hardened conditions. The specific resistance observed for 
the nearly pure iron carbon series in the annealed conditions are, it 
is thought, nearer to those which may be found for strictly pure iron 
carbon alloys than any other values so far published. 

KE. D. Campbell and G. W. Whitney, The Effect of Changes in Total 
Carbon and in the Condition of Carbides on the Specific Resistance and 
on Some Magnetic Properties of Steel. (This Journal, p. 291.) 

A. W. Smith, E. D. Campbell, and W. L. Fink, Effect of Changes 
in Total Carbon and in the Condition of Carbides on the Magnetic 
Properties of Steel (Physical Review, 1924, vol. 23, pp. 377-385). 
Magnetisation curves are given for two series of steels, prepared from 
Armco iron and from a 2:23 per cent. chromium steel, to show the 
variations in magnetic properties with the carbon content. The 
minimum reluctivity R is found to be a linear function of the carbon 
content for hardened steel up to 0-8 per cent. carbon. For annealed 
carbon steel R increases somewhat faster than the percentage of 
carbon, and for annealed chromium steel R shows a maximum at about 
0-5 and a minimum at about 0-8 per cent. carbon. The magnetic 
intensity necessary for saturation varies in the same way as Rk. A 
magnetic potentiometer method of determining normal magnetisation 
curves for short bars is described. 

F. Stablein, The Influence of Combined Carbon on the Specific 
Resistance of Iron (Zeitschrift fiir Physik, 1923, vol. 20, pp. 209-228). 
The specific resistances of seventeen steels, with carbon varying from 
0-05 to 1:65 per cent., were measured by a compensation method. 
The higher resistances of these steels as compared with pure iron is 
caused by the formation of iron carbide. The resistance of pure iron 
was found to be 10:0 microhms per cubic centimetre, which agrees 
with the results of Gumlich and others. The specific resistance of 
cementite is calculated to be 70 to 80 microhms per cubic centimetre, 
and experimental results by the author give the value 95 microhms 
per cubic centimetre. 

W. V. Mayneord and A. A. Dee, Some Thermo-Magnetic Properties 
of Nearly Pure Iron (Physical Society of London, May 23, 1924). 
Experiments were carried out with Armco iron and with rods of 
annealed iron and cold-drawn iron wires. 

8. W. J. Smith, A. A. Dee, and W. V. Mayneord, The Magnetism of 
Annealed Carbon Steels (Physical Society of London, May 28, 1924). 
It has already been shown that the residual moment of a magnetised 
rod of annealed steel of definite dimensions does not diminish con- 
tinuously towards zero as the temperature is raised,* but changes 
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sign at about 180° C., reaches a maximum negative value at about 
220°, and afterwards falls slowly until the temperature at which steel 
ceases to be ferro-magnetic is reached. This reversal is primarily 
due to the laminated structure of the carbide eutectoid which the 
steel contains, and it disappears when that structure is destroyed. 
Measurements were also made to determine the relationship of the 
intensity of the residual moment at 220° to the dimension-ratio of the 
bar, and to the intensity of the field by which it is magnetised. 

EK. A. Watson, Cobalt Magnet Steels (Paper read before the British 
Association, Toronto, August 13, 1924; Engineering, August 22, 29, 
1924, vol. 118, pp. 274-276, 302-304). In a carbon-free iron-cobalt 
alloy the effect of adding cobalt is to produce an increase in the specific 
magnetism or intensity of magnetisation, up to a maximum of 35 per 
cent. cobalt, after which it again decreases. The effect of cobalt on 
the coercive force of a steel is very much greater than the effect on its 
saturation density, the coercive force being increased by three times 
for a cobalt content of 33 per cent. Analyses of magnet steels con- 
taining cobalt and other alloying elements, such as chromium, tungsten, 
and molybdenum, are given, with curves showing approximately 
the effect of cobalt on a given type of steel. Alloys with cobalt at 
35 per cent. are difficult to forge, and in some series of alloys the 
cobalt cannot exceed 20 per cent. owing to the difficulty in hardening. 

J. Safraneck, The Magnetisation of Nickel-Chromium Alloys above 
the Curie Point (Revue de Métallurgie, February 1924, vol. 21, 
pp. 87-107). A physico-chemical investigation of the magnetic pro- 
perties of the alloys dealt with, based on the paramagnetic theory 
of Langevin and the Curie law. Attempts have been made to intro- 
duce quanta considerations to displace the classic dynamo-static 
views in regard to diamagnetic and paramagnetic bodies. In regard 
to the magnetisation of ferro-magnetic bodies in functions of the 
temperature and field, Weiss’s law takes the Curie constant into con- 
sideration, from which it follows that when a ferro-magnetic sub- 
stance is heated to above the Curie point, the Curie molecular constant 
is the product of the molecular mass susceptibility (measured at a 
temperature above that of the Curie point), and the temperature 
difference observed at the temperature point taken. A number of 
experiments were carried out to ascertain whether this law holds 
good, the apparatus employed and the results of the experiments 
being illustrated and tabulated. Very pure nickel was obtained with 
99-89 per cent. of nickel. Chromium was specially prepared at the 
author’s laboratory by electrolysis from dissolved chromium sulphate. 
The nickel chromium alloys having thus been carefully prepared, it 
was found in the subsequent experiments that the Curie constant 
depended on the proportion of chromium present. The changes are 
reversible. A bibliography of the subject is given. 

L.W. McKeehan, Ferro- Magnetism and its Dependence upon Chemical, 
Thermal, and Mechanical Conditions (Journal of the Franklin Institute, 
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May, June 1924, vol. 197, pp. 583-601, 757-786). A review is 
presented of the magnetic properties of the known ferro-magnetic 
metals and the principal agents which vary those properties, with a 
view to testing a new theory to account for the ferro-magnetism of 
iron, cobalt, and nickel. 

A. E. Kennelly, The Reluctivity of Permalloy (Journal of the 
Franklin Institute, May 1924, vol. 197, pp. 623-627). Comparative 
magnetic tests of permalloy and Armco iron show that the permeability 
of permalloy is very much greater than that of soft iron. 

S. E. Dawson, Non-Magnetic Cast Iron (Paper read before the 
Institute of British Foundrymen: Foundry Trade Journal, May 29, 
1924, vol. 29, pp. 439-444). The fundamental drawback of cast iron 
as applied to the electrical industry was that it was magnetic to a 
greater extent than any other metal, but this feature has now been 
overcome with the production of non-magnetic cast iron. The 
characteristics of this material are shown in comparison with ordinary 
grey cast iron and brass. 


Iron and Steel Alloys——Ferrous Alloys Research. (This Journal, 
p. 85.) Part 1: Introductory, by W. Rosenhain; Part 2: Iron and 
Oxygen, by F. S. Tritton and D. Hanson; Part 3: The Estimation 
of Oxygen in Pure Iron, by T. E. Rooney. 

Medium-Carbon High-Manganese Steels (Woolwich Arsenal, Research 
Department Report, No. 61, London: H.M. Stationery Office). The 
report deals with the properties of medium carbon steels with high 
manganese content. The five steels used in the investigation were made 
by the crucible process. The carbon content ranged from 0:36 to 0:39, 
and the manganese content from 0-25 to 5-25 per cent. The steel 
containing the maximum manganese content could be forged with 
difficulty, but the surface was very imperfect, and showed numerous 
cracks. The steel with highest manganese content on which a com- 
plete series of tests was made contained 2-86 per cent. of manganese. 
A number of surface cracks were observed in this steel, and this 
manganese content appeared to be near the limit of useful composition. 
Heating and cooling curves were taken by the inverse-rate method, of 
samples of the four steels after normalising. The rate of heating 
employed was about 9°C. per minute. Cooling curves were taken 
from 800°C. and from 900°C. The conclusions arrived at were as 
follows : The critical points Acl and Arl are lowered by the presence 
of increasing amounts of manganese. Ac3 and Ar3 are lowered until 
they merge into Acl and Arl respectively. The presence of manganese 
tends to prevent the separation of ferrite and pearlite on cooling. 
The slowest permissible rate of cooling through the critical range to 
produce hardening and to suppress the separation of ferrite is much 
slower than that permissible for carbon steels. An increase in the 
initial temperature has little effect on the position of Arl or on the 
hardness of the treated steel. After oil-hardening and tempering at 
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650° C. all the mechanical properties of a 0-4 per cent. carbon steel 
are improved by the presence of about 2 per cent. manganese. The 
improvement in properties is still maintained with 2-86 per cent. of 
manganese, but the additional manganese shows no advantage and 
may introduce difficulties in forging. The steels with high manganese 
content are extremely lable to show temper-brittleness when slow 
rates of cooling after tempering are employed, but this may be avoided 
by suitable treatment. If good impact figures are to be secured, the 
cooling from the tempering temperature must never be slower than in 
air, and as the steels harden when quenched or quickly cooled from 
temperatures considerably below the beginning of Acl as usually 
determined, a tempering temperature higher than 660° C. should be 
avoided. For many purposes for which itis desired to replace carbon- 
steel forgings by steels of greater strength, the following composition 
may be suggested: Carbon, 0-35 to 0-40 per cent.; manganese, 
1-8 to 2-2 per cent. Oil hardened from 800° to 850°C. Tempered 
from 610° to 650° C. Cooled in air, oil, or water. 

M. A. Grossman and E. C. Bain, On the Nature of High-Speed Steel. 
(This Journal, p. 249.) 

F. Rapatz, Influence of Ledeburitic Constituents in the Production 
and Treatment of Tool Steels (Stahl und Eisen, September 18, 1924, vol. 
44, pp. 1133-1138). The double carbide which appears in high-class 
steels, especially in chromium and tungsten steels, corresponds closely 
with the ledeburite of pure iron-carbon alloys. It is proposed, there- 
fore, to designate this class of steel ‘‘ ledeburite steels.” The most 
important group of this class is the high-speed tool steels. The second 
group consists of the chromium steels with 1-4 to 14 per cent. chromium ; 
the third of tungsten steels with from 4 to 6 per cent. tungsten; and 
the fourth group of carbon steels with over 1-7 per cent. carbon. Some 
notes on the characteristics and treatment of these steels are given. 

W. Oertel and F. Pélzguter, Influence of Cobalt and Vanadium on 
the Properties of High-Speed Steel (Stahl und Hisen, September 25, 
1924, vol. 44, pp. 1165-1169). Comparative cutting tests are described, 
as carried out with cast and forged high-speed steel tools of different 
composition—namely, molybdenum steels, molybdenum-cobalt, molyb- 
denum-vanadium, and molybdenum-cobalt-vanadium steels. Careful 
experiments were made to determine the quenching temperature best 
suited to produce the requisite degree of hardness in each class of 
steel. The material on which the tools were tested was in the form 
of open-hearth steel bars of 12-inch diameter, of a tensile strength of 
about 40 tons to the square inch, and the cutting speed was 17 metres 
per minute, the depth of cut 4 millimetres, and rate of feed 1-42 
millimetres. The results, given in diagrams, show that the addition 
of cobalt and vanadium considerably increases the cutting durability, 
but the influence of the vanadium considerably preponderates over 
that of cobalt. In view of the high price of cobalt, there is practi- 
cally little or no advantage gained by adding it, and vanadium, with 
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molybdenum or tungsten will give practically the same benefit as cobalt 
with vanadium. 

New Tool Steel Material (Iron Age, August 21, 1924, vol. 114, 
p. 449). It is stated that a new crucible tool steel has been produced 
by the Dycast Steel Co., Collinsville, Connecticut. Special treatment 
is imparted to the steel in the crucible during melting. The steel is 
unusually quiet in the crucible and shows no sign of burning in spite 
of an exceptionally high temperature. After pouring it becomes 
plastic almost at once, and retains this plasticity for a considerable time 
before rapid solidification. No mention is made of the composition 
or the treatment used. 

P. Chevenard, Methods of Research and Verification in Accurate 
Metallurgy (Mémoires de la Société des Ingénieurs Civils de France, 
July-September 1923, pp. 932-972). A description of the routine of 
discovering and rendering commercially available a new alloy, and 
of the methods employed for investigating its qualities, developing 
them and devising processes for its manufacture and treatment on an 
industrial scale. As examples, the work carried out at the Imphy 
Steelworks for investigating the properties of such alloys as invar, 
platinite, and elinvar is described. The properties dealt with are 
dilatation, electrical properties, and the moduli and coefficients of 
elasticity and of thermo-elasticity, and in each case the apparatus 
employed and the methods of testing are illustrated and explained. 

K. H. Schulz and C. W. Drescher, Stellite and Alloys of the Stellite 
Class (Zeitschrift fiir Metallkunde, September, October 1924, vol. 16, 
pp. 337-343, 382-390). The properties and treatment of recently 
introduced alloys, in which iron is not the chief component element, 
are discussed. Besides stellite, reference is made in particular to 
K.S. magnet steel, permalloy, and a new alloy to which the name 
akrit has been given. The composition of this is about as follows: 
cobalt 38, chromium 30, tungsten 16, nickel 10, molybdenum 4, carbon 
2 to 5 per cent. Comparative cutting tests on open-hearth steel 
railway axles showed that for rough cutting the akrit lasts 24 times 
as long as ordinary high-speed steel, and for finishing cuts it outlasted 
the high-speed steel by 37 times at 32 metres per minute, and by 
7 times at 50 metres per minute. 

HK. W. Pierce, Molybdenum Steel—Some Productive Data (Trans- 
actions of the American Society for Steel Treating, June 1924, vol. 5, 
pp. 571-576). A discussion of the physical properties of chrome- 
nickel and chrome-molybdenum steels. Particulars are included of 
the costs of machining connecting rods made from these steels, as a 
basis for determining the adaptability of these types of steels for 
automobile purposes. 

J. B. Johnson and 8. A. Christiansen, Characteristics of Material 
Jor Valves operating at High Temperatures (Paper read before the 
American Society for Testing Materials, June 1924). The paper de- 
scribes the results of laboratory tests and single-cylinder and multiple- 
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cylinder engine tests of steels proposed for valve use. The valves 
referred to in the paper are of the poppet type, with either mushroom 
or tulip shaped heads. The tensile strength and hardness of valve 
stems at high temperatures are tabulated. The requirements demanded 
of steels for service in valves of aircraft engines are particularly severe. 
The metal must not only be proof against the chemical attack of the 
exhaust gases at temperatures as high as 1600° F., but must also be 
capable of withstanding the mechanical or eroding action of these 
gases impinging at high velocities on the junction of the head and stem, 
and “wire drawing” through the valve opening. In addition, the 
tensile strength should be high at operating temperatures, and it must 
be possible to make the metal in the stem capable of avoiding galling 
at the guides and to harden the tappet end sufficiently to prevent 
distortion due to the action of the valve-operating mechanism. No 
materials have been found to fulfil all of the above requirements. 
The quaternary alloys of iron, chromium, nickel, and silicon, in which 
the range of chromium is from 6 to 15 per cent., and the nickel 20 to 
25 per cent., cannot be used in aircraft engine valves, since they 
cannot be hardened sufficiently to prevent excessive galling of the 
stems and wear on the tips. The ternary alloys of iron, chromium, 
and tungsten are not satisfactory on account of heavy scaling. 
Chromium steel is not satisfactory, as it loses its hardness at high 
temperatures, which causes a galling of that portion of the valve 
stems subjected to the action of the exhaust flame. Cobalt-chromium 
steel gives the best stem conditions, but has a tendency to scale and 
burn in the head, although not to the same degree as tungsten steels. 
It is satisfactory, except under unusual operating conditions. The 
ternary alloys of iron, silicon, and chromium satisfy the requirements 
of a valve steel in so far as the head and seat conditions are concerned, 
but they have the same drawback as the chromium steel in regard to 
softening of the stem in the section which is exposed to the action of 
the flame when the valve is open, but to a less degree. 

F. A. Fahrenwald, Principles underlying the Successful Use of Metals 
at High Temperatures (Paper read before the American Society for 
Testing Materials, June 1924). 

E. Pitois, Classifying of Steels by Examination of the Grindstone 
Sparks in Air and in Oxygen (Comptes Rendus, 1924, vol. 178, pp. 942— 
944). In the case of steels high in carbon and manganese, the sheaves 
of sparks thrown off on grinding in air are very brilliant. In an 
atmosphere of carbon dioxide, however, the sparks are reduced to a 
few dull red rays, from which it is concluded that the brilliance of the 
sparks in air is not due to mechanical heating alone. In oxygen, most 
steels give sparks of dazzling whiteness, while in air the same steels 
give red sparks, the sole exceptions being a few steels which are not 
oxidised even at high temperatures. If a sheet of glass is placed in 
the path of the sparks, incrustations are formed, and an examination 
of these shows that most of the particles produced by grinding ordinary 
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steels in air undergo fusion. The incrustations are partly pearlitic, 
but consist also largely of ferrite resulting from decarburisation, which 
is completed in an atmosphere of oxygen. The appearance of the 
sparks is influenced by the carbon content and is independent of any 
treatment which the steel may have undergone. The method is useful 
as a means of differentiation of tool steels and valve steels. 


Pyrometry.—_R. P. Brown, Pyrometry, Past and Present (Journal 
of the American Ceramic Society, August 1924, vol. 7, pp. 620-625). 
A brief review of the progress in pyrometry in the last fifteen years, 
and of the development of the use of pyrometers in the ceramic 
industries. 

F. Henning, The Determination of High Temperatures (Zeitschrift 
fiir Elektrochemie, July 1924, vol. 30, pp. 309-318). A new form of 
optical pyrometer for the measurement of high temperatures by means 
of radiation is described. The chief characteristic of the pyrometer 
is that an image of the source to be measured, magnified five times, 
is formed at the filament of the standard lamp. These are both again 
magnified 4:5 times by means of an eye-piece lens, so that the source 
is magnified altogether 22-5 times. The standardisation of the 
instrument is described, and the temperature of the melting point of 
platinum is determined. 5 

L. B. Haney, The Principles and Applications of Thermo-Elecirie 
Pyrometry (Proceedings of the Australasian Institute of Mining and 
Metallurgy, December 1923, No. 52, pp. 185-205). The principles, 
construction, and uses of the thermo-electric type of pyrometer are 
discussed. 

J. N. Greenwood, Determination of the Corrections to Optical Pyro- 
meter Readings taken during Steel Making and Casting (Iron and Steel 
Institute: Carnegie Scholarship Memoirs, 1923, vol. 12, pp. 27-74). 
In open-hearth working evidence was obtained that the optical 
pyrometer in use was giving low results. A calibration of the pyro- 
meter was carried out on a black-body furnace. It was found that 
there is an average difference of approximately 40°C. between the 
apparent temperatures of flame and slag surface, and also there is 
an apparent fall of 30° C. when the flames clear from the hearth 
during a reversal. From the average of a large number of readings, 
it is concluded that if 32° C. be deducted from the temperature taken 
with gas on, the results will be the same as if luminous flames had 
been absent, in 88 per cent. of the cases. This correction has been 
found to hold for acid and basic charges at all stages of working. 

F. KE. Bash, Characteristics of Some Materials for Base Metal Thermo- 
couples (Paper read before the American Society for Testing Materials, 
June 1924). The paper discusses the important considerations in 
choosing the elements of thermocouples, and presents the results of 
tests in which the thermo-electric properties of a number of alloys 
are determined against copper used as a standard material. 
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Crystallography, Metallography, Constitution, — National Physical 
Laboratory (Report for the Year 1923, London 1924). The work of 
the Metallurgy Department has been considerably extended during 
the year. In particular, the study of solid solutions and the structure 
of alloys has made good progress; much experimental evidence has 
been accumulated in favour of the theory of distortion of the space 
lattice when an atom of the solvent is replaced by an atom of a differént 
metal. The study of the heat generated by plastic deformation has 
been advanced, and improvements have been introduced to secure 
greater accuracy of measurement. 

J. F. T. Berliner, Preparation and Properties of Pure Iron Alloys. 
IV. Determination of the Critical Ranges of Pure Iron-Carbon Alloys by 
the Thermoelectric Method (Scientific Papers of the Bureau of Standards, 
1924, No. 484). This paper is an extension of the work by Burgess 
and Scott. Thermoelectric Measurement of the Critical Ranges of Pure 
Tron (Scientific Paper No. 296). The apparatus and procedure were 
practically the same as in the previous work. The material used in 
the investigation was an exceptionally pure series of iron carbon 
alloys. Characteristic curves showing the changes in the thermo- 
electric properties of pure iron-carbon alloys are given for temperatures 
up to 1150°C. The A2 transformation was found to be constant at 
768° C. for heating and cooling in all alloys having a carbon content 
up to 0:45 per cent., but it did not appear in alloys of a higher 
carbon concentration. The characteristics of the curves obtained 
indicate that the A2 transformation is of a different nature from the 
Al and A3 transformations. The temperatures for the A3, A2, and 
Al transformations are in fair agreement with those obtained by other 
methods. The upper end of the transformation is sherp; this is not 
the case when it is determined by other methods. 

K. Honda, On the Transformations in Pure Iron (Transactions of 
the American Society for Steel Treating, August 1924, vol. 6. pp. 187— 
194). 

K. Honda, Carbon and Strain Effects on the Specific Heat of Carbon 
Steel (Science Reports of the Tohoku Imperial University, Sendai July 
1924, vol. 12, pp. 347-358). The author has studied the variation of 
the specific heats of steels in the forged, annealed, and normalised 
states, in relation to the carbon present. The specific heat is not a 
linear function of the carbon concentration, but appears to be modified 
by the presence of stresses. It is concluded that the decrease of the 
specific heats of the steels examined, caused by prolonged annealing at 
650° C., is partly due to the release of the strain and partly to the 
decomposition of the cementite during the annealing. The fact that 
the specific heat of iron and steel is increased by strain is also appli- 
cable to other metals. Hence in an accurate determination of the 
specific heats of metals, they must at first be annealed at a definite 
temperature for a suitable interval of time and then their specific 
heats measured; otherwise the correct values cannot be obtained. 
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A high degree of strain in a metal is always accompanied by an internal 
or molecular disorder, which is equivalent to a small degree of freedom, 
and hence causes an increase of the specific heat. 

O. V. Greene, The Structure of Troostite and Sorbite (Iron Age, 
September 11, 1924, vol. 114, pp. 615-617, 670). A number of photo- 
micrographs are given showing the structure of sorbite and troostite 
in carbon steels. The steel used in the investigation had the following 
composition: Carbon 0-824, manganese 0-330, phosphorus 0-036, 
sulphur 0-014, and silicon 0-106 per cent. The steel was quenched 
and drawn at various temperatures. A modification of Archer's 
method was used for etching the specimens. By the use of this method 
present-day microscopes have sufficient resolving power at 1000 
diameters to show the structure of troostite and sorbite. 

F. Kérber and W. Késter, Granular Cementite (Mitteilungen aus 
dem Kaiser-Wilhelm Institut fiir Hisenforschung, 1924, vol. 5, pp. 
145-153). A study of the conditions under which granular cementite 
is formed. 

H. Maurer, Osmondite (Stahl und Eisen, May 29, 1924, vol. 44, 
pp. 622-624). The term osmondite was first used by Heyn to designate 
a particular form of troostite produced by annealing steel containing 
0-95 per cent. carbon at 400°C. The author describes the character- 
istics by which osmondite is distinguishable from hardening troostite, 
and points out that the difference between the two conditions is that 
osmondite is a structure produced by annealing and troostite is one 
produced by hardening. 

K. Honda and T. Murakami, On the Structural Constitution of Iron- 
Carbon Silicon Alloys (Science Reports of the Tohoku Imperial 
University, Sendai, January 1924, vol. 12, pp. 257-287; see also 
Journal of the Iron and Steel Institute, 1923, No. I. pp. 545-583). 

A. Sauveur, What is Iron, What is Steel ? (Chemical and Metallurgical 
Engineering, May 19, 1924, vol. 30, pp. 782-783). The following 
definitions are offered in the light of modern developments : 

Commercial Iron.—Commercial iron is the element iron as pure as 
it can be commercially produced. : 

Ingot Iron.—Ingot iron is commercial iron which has been produced 
in a fluid condition and cast. 

Wrought Iron.—Wrought iron is a ferrous metal which is malleable 
and which has been produced from a pasty condition. 

Steel.—Steel is an alloy of iron and carbon, usually containing sub- 
stantial quantities of manganese. 

J. Czochralski, Lifluence of Silicon and Iron on the Properties of 
Aluminium (Zeitschrift fiir Metallkunde, May 1924, vol. 16, pp. 162— 
173). In rolling aluminium certain anomalies sometimes manifest 
themselves which appear to bear some relation to the proportion of 
iron silicide and silicon eutectic present in the metal. To investigate 
the matter, test-pieces of aluminium with varying contents of iron 
silicide and silicon eutectic were prepared and subjected to mechanical 
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tests and to a metallographic examination. It was found that a 
percentage of iron ranging from 0-59 to 1-42 per cent. had no delete- 
rious effect on the aluminium. Above 2 per cent. iron the elongation 
diminishes by about 2 per cent. for every 1 per cent. increase of iron, 
the tensile strength remaining about the same. Silicon exercises pro- 
portionately the same effect, provided the percentage is kept within 
practicable limits. If the sum of iron and silicon amounts to 2 per 
cent. this proportion cannot be held responsible for inhomogeneity 
of the aluminium or for local defects which may appear in rolling. 
Only when irregular distribution of the iron and silicon in nests and 
zones or in patches on the surface occurs, do cracks and other defects 
manifest themselves. 

H. C. Knerr, Heat Treatment and Metallography of Steel (Forging, 
Stamping, Heat-Treating, September 1924, vol. 10, pp. 319-321 
et seq.). A series of articles forming a practical course on the treatment 
of steel and its structure and properties. 

V. O. Homerberg, The Macroscopic Examination of Steel (Trans- 
actions of the American Society for Steel Treating, September 1924, 
vol. 6, pp. 294-314). The method of preparing specimens for macro- 
scopic examination, the formule for the etching reagents, together 
with directions for their use and the necessary precautions to be taken, 
are given. Macrographs are included in the paper to illustrate the 
results obtained from the use of the different reagents. The author © 
also explains the manner in which segregation takes place in steel. 

J. Durand, New Macrographic Process for the Examination of Metals 
(Génie Civil, August 9, 1924, vol. 85, pp. 131-133). The Baumann 
method of taking sulphur prints has certain disadvantages. Enlarge- 
ments cannot be taken direct from the prints, because they are not 
transparent, and reproductions are not satisfactory on account of the 
coarse fibre of the paper, which blurs the details. The author proposes 
the use of photographic plates or films coated with bromide of silver 
which, when applied to a polished steel surface, give just as good prints 
as those obtained by the Baumann method, and when enlarged show 
the details with great clearness. These prints can be taken quite well 
by daylight or artificial light. They afford a means of comparing the 
sulphur content of only such steels in which the manganese content 
is about the same, as the manganese appears to have the effect of 
intensifying the impressions very considerably. 

H. Schottky, Note on Detection of Sulphur and Phosphorus by 
Metallographic Methods (Kruppsche Monatshefte, June 1924, vol. 5, 
pp. 93-95). Sulphur prints taken across the grain of a plate of spring 
steel were blackened much more strongly than similar prints taken 
from a longitudinal section of the same plate, although analysis showed 
the sulphur to be evenly distributed throughout the material. The 
degree of discoloration does not, therefore, depend on the amount of 
sulphur actually present, but on the form and number of sulphide 
inclusions. Micrographs show that on a cross-section these appear as 
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numerous small spots close together, but the longitudinal section 
reveals them as short threads comparatively few in number. Con- 
siderable care is therefore necessary in using sulphur prints as a means 
of comparing the sulphur content of two steels. The direction of 
rolling or forging of a piece of steel can, however, readily be detected 
by taking prints of two surfaces at right angles to each other. Another 
agent which shows up strongly the direction of the fibre in a steel 
plate is Oberhoffer’s etching medium, which brings out the primary 
structure of the material. 

K. Harnecker and HE. Rassow, Htching Figures and Twin Formations 
in Iron (Zeitschrift fiir Metallkunde, August 1924, vol. 16, pp. 312- 
314). A specimen cut from a steel boiler plate etched in nitric acid 
solution showed twin lamella, especially at those places where a slight 
deformation had occurred due to hammering, but whether the twinning 
was due to deformation or to recrystallisation could not be definitely 
determined. Another specimen of iron containing 1-3 per cent. 


phosphorus and 0-6 per cent. nickel, taken from a blast-furnace ‘ bear,’ — 


etched with ammonia persulphate, showed cubic figures in strong 
relief. The same specimen after stressing beyond the elastic limit 
showed twin bands in regular straight outlines. At larger magnifica- 
tions etching figures of a star form appeared between the twin bands. 

T. Ishiwara, The Effect of Impurities on the Dendritic Structure in 
Carbon Steels, and their Diffusion at High Temperatures (Science Reports 
of the Tohoku Imperial University, Sendai, July 1924, vol. 12, pp. 309- 
332). The author has studied the effect of impurities on dendrites in 


steels; the diffusion of carbon, manganese, silicon, and phosphorus in — 


iron, and the removal of dendrites by annealing at high temperatures ; 
the effect of temperature on the diffusion of carbon in steels; and the 
reversed distribution of carbon in steel ingots. The diffusion velocity 
of carbon in iron increases very rapidly with the rise of temperature. 
The following formula holds good between 950° and 1300° C. : 


y = ect—?) 


It was found that the existing theory of the reversed distribution — 


of carbon in dendritic steels is not complete, and a new explanation 
has been added ; the former theory is based on the ejecting action of 
phosphorus on carbon, while the present theory explains the same 


phenomenon by the separation of ferrite in the inter-dendritic | 


boundaries. The reappearance of carbon-banding in a steel quenched 


ae tempered is explained by the incompatibility of phosphorus and 
carbon. 


K. Fischbeck, The Ternary Diagram of Iron-Chromium-Carbon | 


Alloys (Stahl und Eisen, June 19, 1924, vol. 24, pp. 715-719). The 
author reviews the results of previous research work on the iron- 
chromium-carbon system, and, basing his observations on these, he has 
made a study of the process of solidification of iron-chromium-carbon 
alloys, and attempts to represent the system by means of a quaternary 
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diagram with the ordinates Fe, Fe,@, Cr,C2, and Cr. The Fe,C-Cr,C, 
and Cr;C,-Cr systems each show one eutectic point, and the Fe-Cr 
system two eutectic points and a maximum corresponding to the 
compound CrF ey. 

N. T. Belaiew, The Granulation Hypothesis and the Delta-Gamma 
Change in Iron-Carbon and Iron-Nickel Alloys (Transactions of the 
American Society for Steel Treating, June 1924, vol. 5, pp. 549-570). 
The author points out that the dendritic structure of alloys, as revealed 
by macro-etching, is a very stable structure and is not readily broken 
up during usual heat treatment operations. If the elements of secondary 
crystallisation, ferrite and cementite, lodge themselves according to 
the symmetry of the dendrites, a structure arises called the “‘ structure 
of large crystals.” This structure, when viewed by the unaided eye, 
shows a complete identity of picture with the dendritic structure. 
With the aid of the microscope the outstanding feature of this structure 
is the discontinuity of the excess element, ferrite or cementite, which 
has segregated into pseudo-dendrites or ferrite islets. This structure 
of large crystals occurs either in steels rich in carbon or in single crystals, 
and therefore is not of usual occurrence. The usual structure of steel 
articles slowly cooled is that of a network. Under the microscope 
this structure is characterised by the continuity of the mesh and by 
the continuity of the outer shell of the excess element around the inner 
nucleus. Based upon the investigations of the author and Giolitti, a 
discussion of castings and slowly cooled steels in relation to the struc- 
ture of the dendrites is included. The author’s granulation theory is 
described and discussed, and an explanation of the manner in which 
the delta-gamma transformation might account for the occurrence of 
granulation in alloys cooled down from the melt is given. A selected 
bibliography of literature on the subject is also appended to the paper. 

J. H. Andrew and H. Hyman, The Carbides in Nickel Chromium 
Steels (Journal of the West of Scotland Iron and Steel Institute, 
Session 1923-24, vol. 31, pp. 116-123). The authors have investi- 
gated the character of the carbides in nickel-chromium steel in the 
quenched and tempered states. The following steels were used in the 
investigation : 


Carbon. | Manganese.| Phosphorus. Sulphur. Silicon. Nickel. Chromium. 
0°36 0-18 0-019 0-042 0-084 3-56 1-64 
0:51 0-22 0-024 0-048 0-126 3°52 1-72 
0-76 0-24 0-021 0:053 ~ 0-112 3-58 1:64 
1-01 0-32 0-019 0-053 0-130 3:61 1-66 


Carbides were separated and analysed in samples treated as follows : 
(1) Water quenched from 770° C.; (2) water quenched from 770° C. 
and tempered at 650° C. for three hours; (3) water quenched from 
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1200° C.; and (4) water quenched from 1200°C. and tempered at 
650° C. for three hours. Detailed analys’s of the carbides are tabulated. 
Nickel enters into the composition of the carbides in only very small 
amounts. The carbide recovered from steels quenched at 1200° C. 
and untempered was always of a very small quantity. The greater 
part of the residue was found to consist of finely divided carbon, the 
small quantity of combined carbon being almost entirely combined 
with the iron. Chromium merely existed as an impurity. An appreci+ 
able amount of carbide was recovered from steels quenched at 770° C. 
The existence of chromium carbide as such, in steels quenched at this 
temperature, is indicative of the fact that chromium carbide (Cr,C,) is 
not completely decomposed on going into solution at the temperature 
of 770°C. Whether a prolonged soaking would bring about solution 
has not been determined. In the hypoeutectoid steels the chromium 
content is less in the tempered states than it is in the state quenched 
at 770°C. This may be attributed to the following reason :—It has 
been suggested that upon quenching at 770° C. a certain amount of 
chromium carbide is undecomposed, whereas carbide of iron has gone 
into solution and has probably been partially dissociated, thereby 
increasing the chromium content in the separated carbide. In the 
hypereutectoid steels the carbide of iron will not have gone into solution 
at the temperature of 770° C., and will accordingly show in excess in 
the analyses. The fact that, so far as can be ascertained from the 
steels experimented with, hypereutectoid carbide appears to be con- 
fined to carbide of iron, has suggested to the authors that the chromium 
carbide is not a constituent of the eutectoid. 

V. N. Krivobok and O. E. Romig, Surface Structure versus Inner 
Structure of Metals (Transactions of the American Society for Steel 
Treating, July 1924, vol. 6, pp. 66-76). The authors discuss the 
structures which appear on the surface of cast metals and their relation 
to the inner crystalline structure of the metal. It is shown that the 
variety of structures appearing on the surface of cast metals is great, 
and may lead to erroneous conclusions regarding the grain size of the 
metal if care is not exercised in the examination of the specimen, since 
some of the observed marks are only surface phenomena. 

F. C. Thompson and W. HE. W. Millington, The Effect of Free Surfaces 
on the Plastic Deformation of Certain Metals. (This Journal, p. 61.) 

H. Nagaoka and Y. Sugiura, On the Regularity in the Distribution 
of Spectral Lines of Iron in Intra-Atomic Magnetic Field (Japanese 
Journal of Physics, 1923, vol. 2, No. 1-2, pp. 1-52). 

K. C. Bain, The Application of X-Ray Crystal Analysis to Metallurgy 
(Industrial and Engineering Chemistry, July 1924, vol. 16, pp. 692- 
698). The author describes the application of the Hull or Debye 
and Scherrer method to the study of the atomic arrangement of 
metals, and to the solution of such problems as the allotropy of 
iron, solid solutions, coring, grain-size effects, identification of new 
constituents, and the effect of cold-work on the orientation of grain 
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fragments. Examples of the results of research work in his own and 
other laboratories are quoted. 

R. A. Patterson, Crystal Analysis by the Diffraction of X-Rays 
(Industrial and Engineering Chemistry, July 1924, vol. 16, pp. 689- 
691). Hull’s method of ayplying X-ray diffraction to the analysis 
of crystals, especially those of metals, is expounded with the aid 
of diagrams. By this method it is possible to measure the distances 
between the different layers of atoms in the crystals, and by carrying it 
further to determine the arrangement of the atoms in the crystal. 

W. P. Davey, Application of X-Ray Crystal Analysis to Metallurgy 
(Transactions of the American Society for Steel Treating, September 
1924, vol. 6, pp. 375-392). The paper outlines the methods used in 
applying X-ray crystal analysis to metallurgy, and gives some of 
the outstanding results so far obtained. Figures illustrating atom 
arrangements and a diagram of the method used in obtaining X-ray 
spectroscopic photographs are included. 

R. Glocker, Testing of Materials by Means of Réintgen Rays (Zeit- 
schrift fiir Metallkunde, May 1924, vol. 16, pp. 180-182). The inter- 
ference method of the examination of materials by means of Réntgen 
rays is discussed. The investigation of the so-called fibre structure 
makes possible the determination of the orientation of the crystallites, 
and some new observations are recorded concerning the orientation of 
crystallites in electrolytically deposited metal sheets. 

W. E. Williams, The Application of X-Ray Analysis to the Study 
of Hardened Steel (Iron and Steel Institute: Carnegie Scholarship 
Memoirs, 1924, vol. 13, pp. 175-195). 

A. St. John, X-Rays in the Foundry (Paper read before the American’ 
Foundrymen’s Association, October 1924). The use of X-rays for the 
examination of castings is dealt with. 


Corrosion Resistant Alloys.——R. Stumper, The Resistance of a 
Nickel-Chromium Steel to Corrosion (Revue de Métallurgie, September 
1923, vol. 20, pp. 620-621). An account of some experiments on the 
corrodibility of a chromium-nickel steel containing 15-68 per cent. of 
chromium and 7-04 per cent. of nickel. Simultaneous comparative 
tests were carried out with an ordinary mild steel, and in both cases 
the samples were exposed not only to ordinary acid corrosion, but to 
corrosion in acid baths activated by galvanic currents. The nickel- 
chromium steel showed extraordinary resisting properties, particularly 
in sulphuric acid solutions. With sulphuric acid solution containing 
20 per cent. the corrosion of the chromium-nickel steel was only 0°5, 
taking the behaviour of the mild steel at 100. The highest rate of 
corrosion was in the case of a 20 per cent. hydrochloric acid solution. 

W. H. Hatfield, The “ Stainless’? Chromium Steels (Paper read 
before the American Electrochemical Society, October 1924). The 
author discusses the influence of corroding media upon stainless steel. 
The presence of chromium when added to steel results in an increased 
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passivity in the presence of nitric acid; yet, on the other hand, the 
solubility in hydrochloric acid, and particularly in sulphuric acid, 1s 
increased in the case of the steel rich in chromium. There is evidence 
that the presence of chromium under strongly oxidising influence 
permits of the immediate modification of the surface of the metal in 
such a way as to produce complete passivity under certain conditions of 
temperature and concentration of the corroding media. The influence 
of the corroding media is readily modified by the presence of colloids. 
The reagents found to have little or no action on stainless steel and 
those which corrode stainless steel are given. 

O. K. Parmiter, Stainless Steel and Stainless Iron (Transactions of 
the American Society for Steel Treating, September 1924, vol. 6, 
pp. 315-340). The author discusses the problems involved in the 
manufacture of stainless steel, its composition, and the influence of the 
various elements. The properties of this material—such as heat re- 
sistance, tensile properties, corrosion resistance, electrical conductivity 
and resistivity, magnetic properties, and thermal conductivity—are 
discussed. The microstructure, brazing and welding, cold-working, 
and machinery qualities are also dealt with. A brief discussion of 
stainless iron and its applications and possibilities is included. 

C. E. MacQuigg Some Engineering Applications of High Chromium- 
Iron Alloys (Paper read before the American Society for Testing 
Materials, June 1924). The characteristics and applications of high 
chromium irons are discussed. Excellent castings are readily made 
throughout the range of carbon contents. Castings made in sand, 
as a rule, are easily machinable up to 1-5 per cent. carbon and may 
be made machinable by suitable heat treatment with as high as 
3 per cent. carbon. Alloys with 20 to 30 per cent. chromium can 
also be forged, pressed, or rolled. The oxidation resistance of the high 
chromium iron alloys does not seem to depend upon any other factor 
to any such great extent as it depends upon the chromium content. 
Below 20 per cent., while the alloys are very much more resistant 
to oxidation than ordinary steels, they are noticeably inferior in 
oxidation resistance to alloys above 20 per cent. Alloys with about 26 
to 28 per cent. chromium when exposed to oxidising atmospheres 
up to 1150°C., or higher, remain unaffected. Carbon monoxide and 


other reducing fumes and gases are without effect until very high’ 


temperatures are reached; however, above 1150° or 1200° C. such 
reducing atmospheres have a deteriorating effect on the alloys. The 
tensile properties of the alloys follow in a general way the same relation- 
ship to carbon as in steel and cast iron. Low carbon alloys are soft and 
ductile. The elastic limit in this class varies from 45,000 to 70,000 lbs. 
per square inch with corresponding tensile strengths of 75,000 to 
90,000 lbs. per square inch. Ductility varies from zero to between 
35 and 50 per cent. for elongation and reduction area. All these 
properties depend on the composition and heat treatment. With 
increase of carbon from 0-25 to 1 per cent. or more, the strength and 
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stiffness increase and tensile strengths run up to and well over 130,000 
lbs. per square inch. Castings vary in tensile strength from 65,000 to 
90,000 lbs. per square inch with low ductility. With 2-75 per cent. 
carbon the Brinell hardness of the sand-cast alloys may rise to 550 or 
600 in the sand-cast condition, and are devoid of the brittleness which 
is found in white iron. 

Stainless Steel for Automobiles (Automobile Engineer, July 1924, 
vol. 14, pp. 201-202). The properties and composition of stainless 
steels containing carbon percentages from 0-1 to over 0-5 are discussed, 
and the heat treatment of such steels is briefly described. Besides their 
corrosion resistant properties, their comparative strength at high tem- 
peratures renders them very suitable for certain parts of automobiles. 

Miss C. Griff, The Working of Stainless Steel (Paper read before 
the Conference of Engineering Societies, Wembley: Foundry Trade 
Journal, September 25, 1924, vol. 30, p. 270). The paper deals with 
the commercial aspect of the use and working of stainless steel. 

J. Strauss and J. W. Talley, Stainless Steels, their Heat Treatment 
and Resistance to Sea-Water Corrosion (Paper read before the American 
Society for Testing Materials, June 1924). The authors give the 
results of a study of the modification of physical properties of the 
corrosion-resistant steels by heat treatment and their behaviour when 
exposed to sea-water spray. The materials used in the experiments 
were arranged in the following groups: 


(1) Hardenable chromium steels. 
(2) Chromium steels that do not harden. 
(3) Steels in which the predominating alloying element is nickel. 


Of the hardenable chromium steels, none of those studied is totally 
proof against the ravages of sea-water spray. Under conditions 
requiring hardness (for it is only in the hard state that considerable 
pitting can be avoided), but where a moderate accumulation of corrosion 
products is not objectionable, or where frequent. cleaning of the parts 
is practicable, certain of the steels investigated are serviceable. A 
serious drawback to these high chromium alloys is the low proportional 
limit. For the hardening types, with the heat treatments used, the 
ratio of this value to the ultimate strength varies from approximately 
0-4 to 0-7 except when using very high quenching temperatures ; 
the value may then drop to 0:1 or lower. Higher values of the ratio 
are frequently found when employing tempering temperatures beyond 
1000° F. For most purposes, hardening temperatures in the vicinity 
of 1900° F. are to be preferred as yielding the best combination of 
characteristics. For structural applications where a thin film of rust 
is acceptable, or where frequent cleaning is possible, all the steels of the 
second group may be satisfactorily employed. For the best results, 
steels with chromium under 15 per cent. must be heat-treated prior 
to use if the carbon content approaches 0-20 per cent. The nickel- 
chromium steels are applicable to the same classes of service as are 
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the steels of the second group. Normally, the proportional limit for 
these steels is very low; only in one case has it been appreciably 
raised by thermal treatment, cold-working being the only generally 
applicable method of raising it. The value usually varies from 20 to 
50 per cent. of the tensile strength. 

P. A. E. Armstrong, Corrosion-Resistant Alloys (Paper read before 
the American Society for Testing Materials, June 1924). A review is 
given of the metallurgical developments which have led up to the 
manufacture of chromium-bearing alloy steels with particular reference 
to the patent situation. Stress is laid upon the value of a 17 per cent. 
chromium steel containing about 1-50 per cent. silicon and under 
0-10 per cent. carbon. The author also discusses the future effect of 
such alloys on the development of engineering construction. 

R. J. Anderson and G. M. Enos, Corrosion-Resisting Alloys for Use 
in Acid Mine Waters (Paper read before the American Society for 
Testing Materials, June 1924). The nature of acid mine water from 
coal-mines is briefly discussed, typical analyses of such waters being 
given. The nature of the corrosion process is also dealt with. On the 
basis of various tests made, a list of materials which are resistant to 
acid mine waters has been incorporated in the paper, and the applica- 
bility of these materials to the construction of mining equipment is 
indicated. 

Symposium on Corrosion-Resistant, Heat-Resistant, and Electricai- 
Resistance Alloys—Introduction (American Society for Testing Materials, 
June 1924, Preprint 194). This report includes a list in tabular form 
of the commercial alloys manufactured in the United States, with the 
name of the manufacturer, the chemical and physical properties of the 
material and its principal applications. This tabulation forms a guide 
to engineers and users of these products in the selection of metals for 
specific uses. 


Corrosion.—J. N. Friend, The Relative Corrodibilities of Various 
Commercial Forms of Iron and Steel (Second Report) (Iron and Steel 
Institute : Carnegie Scholarship Memoirs, 1923, vol. 12, pp. 1-25). 
Specimens of wrought iron, carbon steels, and cast iron were subjected 
to various kinds of corrosion tests, with a view to studying their 
relative corrodibility. In general, there is a tendency for the corrodi- 
bility to rise with the carbon content, but in the neighbourhood of the 
eutectic point there is a break in the curve, followed by a fall in 
corrosion. The effect is more clearly seen in specimens with very 
low manganese. 

J. N. Friend, Recent Progress in the Study of Corrosion (Journal of 
the Oil and Colour Chemists’ Association, 1924, vol. 7, pp. 7-29, 48-50). - 

U. R. Evans, The Corrosion of Metals (Journal of the Oil and 
Colour Chemists’ Association, 1923, vol. 6, pp. 150-154; 1924, vol. 7, 
pp. 29-32, 43-47). 

C. H. Desch, The Micro-Chemistry of Corrosion (Paper read before 
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the American Electrochemical Society, October 1924). The theory 
of the process of corrosion is still in an unsatisfactory condition. The 
process is fundamentally electrolytic. Iron rust differs greatly from 
iron in electrolytic potential. The presence of colloids is not always 
essential to bring about corrosion. The author has made a micro- 
scopical study of the early stages of corrosion. A detailed description 
of the apparatus employed and of the method of testing alloys is given. 
Minute traces of foreign substances on the surface of the metal or 
alloy will often give rise to entirely different corrosion results. 

W. G. Whitman and R. P. Russell, The Submerged Corrosion of 
Tron (Journal of Society of Chemical Industry, June 27, July 4, 1924, 
vol. 43, pp. 193-199T). The known facts, resulting from the obser- 
vations of various investigators, concerning the corrosion of iron when 
submerged in ordinary natural waters, in alkaline waters, and in 
non-oxidising acids are enumerated. In explanation of these facts the 
general theory is propounded that the initial reaction in the submerged 
corrosion of iron is electrochemical and operates through a corrosion 
cell. At the anodic electrode of this cell the corroded metal sends 
ferrous ions into solution. A corresponding reduction occurs at the 
cathode area—usually the deposition of hydrogen ions as atomic 
hydrogen or the solution of dissolved oxygen to form hydroxide ions. 
Films of corrosion products exert a protective action which depends 
primarily upon the conditions attending their formation. Even the 
ordinary rust formed on iron by natural waters exhibits some degree 
of protectiveness, and certain waters build up more resistant layers 
than others. The solubility, density, and adherence of the rust film 
are very important factors. In alkaline solutions the reason for 
reduced corrosion is the greater film protectiveness due to decreased 
solubility of the rust. The effect of neutral salts in the water, while 
not yet fully understood, is undoubtedly attributable to their action 
on protective films. The protective film prevents effective electrolytic 
action between the outside of the rust and the metal, and as a result 
oxygen must diffuse underneath the surface of the rust film before 
electrolytic contact is established. Since the film protectiveness is 
maintained constant over the entire natural water range, the rate of 
corrosion in any given natural water is determined by the rate of oxygen 
diffusion alone. The composition and surface structure of the iron or 
steel are of practically no importance, and all commercial steels corrode 
at the samerate. Under alkalis the rate of corrosion decreases because 
the rust is more insoluble and forms a more protective film. In non- 
oxidising acids hydrogen gas is evolved and the rate of corrosion is 
largely affected by over-voltage. For this reason the composition 
and surface condition of the metal are important factors. 

H. §. Rawdon and A. I. Krynitsky, Notes on Corrosion Testing by 
Different Immersion Tests (Paper read before the American Electro- 
chemical Society, October 1924). The need for choosing a corrosion 
test which shall in some measure approximate the service conditions 
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is emphasised and illustrated by reference to an unusual case of cor- 
rosion in a submarine cable. The general types of immersion tests, 
simple or total immersion, and two kinds of repeated immersion, con- 
tinuous and intermittent, are described. Test results for a series 
of chromium steels in immersion tests of the, simple and repeated 
type in distilled water, as well as immersion in dilute hydrochloric 
acid and citric acid are given. In general, the chromium steels 
are more resistant to the intermittent immersion than to simple 
immersion in distilled water—a phenomenon which appears to be 
associated with the formation of a protective film over the surface 
of the specimen. 

U. R. Evans, The Relation between Tarnishing and Corrosion (Paper 
read before the American Electrochemical Society, October 1924). 
The paper describes investigations into the attack of gaseous sulphur 
dioxide on iron and zinc, and that of hydrogen sulphide on copper, 
with special reference to the part played by water in each case, and 
also the essential difference between tarnishing and corrosion proper. 
Tron and zinc are unattacked by dry sulphur dioxide, but a very small 
amount of water vapour is sufficient to allow the action to proceed 
apace. The surface of iron attacked by moist sulphur dioxide is dark, 
but is covered by tiny, bright circles with a dark spot, apparently a 
pit, at the centre of each. The interior of the pit is probably anodic, 
and the circular patch around probably owes its brightness to cathodic 
protection. In some cases rings of white crystals are seen arranged 
radially around the pits, evidently representing the corrosion product. 

U._R. Evans, The Corrosion Caused by Products of Combustion of 
Coal-Gas (Journal of Society of Chemical Industry, May 16, 1924, 
vol. 43, pp. 506-507). A case is reported where corrosion was caused 
by the products of combustion of coal-gas. The corrosion occurred 
in a large room of a private house heated by two hot water radiators 
below which coal-gas was burnt direct, no provision being made for the 
removal of the products of combustion. After a few months the whole 
of the lower surface of the iron radiator was completely covered with a 
pale yellowish-brown incrustation which analysis showed to be mainly 
ferric sulphate (both normal and basic). The sides of the radiators 
were also covered with numerous scab-like growths of the same salt. 
The presence of sulphur dioxide in the fumes of the gas could alone 
account for the production of so much sulphate. 

J.S. Vanick, Deterioration of some Metals in Hot, Reducing Ammonia 
Gases (Paper read before the American Society for Testing Materials, 
June 1924). The results are given of a study of a number of metals 
carried out in an endeavour to find the most suitable materials for 
nitrogen fixation equipment. Reducing gas mixtures of ammonia in 
nitrogen and hydrogen produce an intergranular fissuring in commer- 
cially pure iron, nickel, copper, and some of their alloys. Exposures 
of samples in the form of corrosion specimens, tension test specimens, 
or pressure bombs were made for periods as long as six months, to a 
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synthetising ammonia gas mixture at a temperature of 500°C. and 
a pressure of 100 atmospheres. Short exposures were also made to 
decomposing or “ cracking ammonia.” None of the metals except 
those exposed to the “‘ cracking ” ammonia was corroded in the sense 
in which corrosion is usually understood, namely, as a surface attack 
accompanied by disintegration or the formation of chemical com- 
pounds. Nearly all of the materials tested resisted corrosion success- 
fully, with some advantage in favour of the non-ferrous group. Nearly 
all of the materials suffered a deterioration as measured by loss in 
mechanical properties such as tensile strength and ductility. For 
resistance to deterioration in a service requiring ability to sustain 
stress, as in heated bombs holding the gas mixtures under pressure, 
iron alloys of the type containing nickel, chromium, or aluminium 
seem to offer most resistance. 

J. W. Shipley and I. R. McHaffie, The Graphitic Softening of Cast 
Iron (Industrial and Engineering Chemistry, June 1924, vol. 16, pp. 
573-575). A study of the corrosion which takes the form of graphitic 
softening indicates that the destruction of the cast iron is due to 
an electro-chemical reaction set up within the structure of the iron. 
Probably the contiguous constituents of iron act as the poles of 
a miniature cell, the electrolyte being the water in contact with 
the iron. The tendency for iron to go into solution is greatest in 
ferrite and least in cementite. The series of constituents arranged 
in the order of this tendency is ferrite, pearlite, cementite-phosphide 
eutectic, and cementite. The potential difference between ferrite and 
graphite is about 0-56 volt, and when ferrite is adjacent to graphite 
this relatively high voltage is available for driving the iron into solution. 
Cementite and cementite-phosphide eutectic, being less subject to 
corrosion, form the residual skeleton structures. The resistance to 
corrosion of white cast iron in which the carbon is all combined and 
ferrite is absent, lies in the relatively low electromotive force existing 
between the constituents. The low solution pressure of thé iron in 
these constituents also tends to prevent corrosion. 

U. R. Evans, A Paradow in Corrosion (Chemical and Metallurgical 
Engineering, June 16, 1924, vol. 30, pp. 949-953). Former papers have 
shown that the corrosion of metals in chloride solutions in the presence 
of oxyen is electrochemical in character, being connected with the 
electric currents flowing between the aerated and unaerated parts of 
the surface; the unaerated (inaccessible) places become anodic, and 
attack becomes concentrated at these points, thus producing pitting 
or deep local corrosion. The present paper discusses the mechanism 
of the production of these currents. They might be due to one of 
two mechanisms : 5 

(1) The whole aerated area is ennobled by a thin protective film, 
so that the whole aerated area acts as cathode. 

(2) The “ nobler ” particles of the aerated area alone act as cathodes 
in the first instance. 
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Corrosion—The Industrial Parasite (Chemical and Metallurgical 
Engineering, July 14, 1924, vol. 31). This issue of this periodical 
is devoted to a series of articles dealing with corrosion problems of 
the various industries. The articles are are follows : 

How the Petrolewm Industry is Solving its Corrosion Problems (pp. 42- 
46). 
Combating Corrosion in Gas Manufacture (pp. 47-50). 

Fertilizer Industry Conquering Corrosion (pp. 50-51). 

How the Wood Distiller Dodges Corrosion (pp. 52-53). 

Corrosion Problems in the Pulp Plant (pp. 54-56). 

Food Products Fight Contamination (pp. 56-58). 

Corrosion Dragon in the Sugar Industry (pp. 58-60). 
Corrosion—The Constant Menace of the Chemical Industry (pp. 61- 
69). 
How Metals stand up against Corrosion (pp. 70-79). This article 
summarises the behaviour of pure metals and alloys under the action 
of the many destructive agencies encountered in the industries. 

Tabular Presentation of Chemical and Physical Properties of Corrosion- 
Resisting Alloys (pp. 79-83). The principal chemical and physical 
properties of seventy-five corrosion- and heat-resisting alloys are 
tabulated. 

D. V. Onslow, A Critical Resumé of Information on Corrosion of 
Iron and Steel (World Power, September 1924, vol. 2, pp. 146-155). 
A review of the work of previous investigators with special reference 
to the corrosion of cast iron. 

H. 8. Rawdon, A. I. Krynitsky, and W. H. Finkeldey, Types of 
Apparatus used in Testing the Corrodibility of Metals (Paper read before 
the American Society for Testing Materials, June 1924). A description 
of the various types of apparatus suitable for carrying out tests of the 
corrodibility of metals under different conditions. The different forms 
of apparatus described and illustrated cover the following tests : simple 
immersion, electrolytic, continuous repeated immersion, interrupted 
repeated immersion, mist or spray, and a simulated atmospheric test. 

F. N. Speller and F. G. Harmon, Electrolytic Theory of Corrosion 
(Paper read before the American Electrochemical Society, October 
1924). A discussion of the major points in an article on the same 
subject by W. D. Bancroft, published in the Journal of the Physical 
Society, August 1924. 

R. J. Anderson and G. M. Enos, An Accelerated Electrolytic Corrosion 
Test (Paper read before the American Society for Testing Materials, 
June 1924). The authors give the results of experiments carried out 
in the development of an accelerated electrolytic corrosion test, in 
which forty-two metals and alloys were subjected to the accelerated 
test. Specimens of the same metals and alloys were also exposed to 
a long time immersion test in acid mine water, thus affording an 
opportunity for correlating the two types of tests. 

F. H. Rhodes and E. B. Johnson, Electrolytic Corrosion in a Water 
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Gas Holder (Industrial and Engineering Chemistry, June 1924, vol. 
16, p. 575). In the outer tank of a gas holder at a municipal 
gas plant, severe corrosion developed throughout a horizontal zone 
extending from about 4 inches to about 3 feet below the level of the 
sealing water. Investigation showed that the corrosion was not due 
to the simple rusting of the iron by dissolved oxygen in the water, 
nor to the chemical action of dissolved hydrogen sulphide on the iron, 
which would not have produced so large an amount of iron oxide in 
the scale. It was found that the corrosion was electrolytic in character, 
the difference in potential being produced by an oxidation-reduction 
cell. The water at the top of the holder contained some dissolved 
oxygen, and the iron shell in contact with this oxidising solution formed 
the cathode. The water some distance below the surface contained 
dissolved hydrogen-sulphide, so that the iron in contact with this 
solution formed the anode. The case is an unusual one, for the electro- 
lysis is brought about by a single piece of metal being in contact with 
two solutions of different oxidising power instead of by two different 
metals in contact with each other in a single solution. 


Protection against Corrosion.—J. N. Friend and B. L. Griffin, The 
Protection of Iron with Paint against Sub-Aqueous Corrosion—Part II. 
(Iron and Steel Institute: Carnegie Scholarship Memoirs, 1924, 
vol. 13, pp. 239-252). 

E. Maas, Protection of Metals (Zeitschrift des Vereines Deutscher 
Ingenieure, August 23, 1924, vol. 68, pp. 880-883). In a lecture 
before the Government Commission on the protection of metals 
the author reviews the various theories of the corrosion of metals 
and the means adopted for its prevention. 

R. Binaghi, The Preservation and Protection of Iron from Corrosion 
(Metallurgia Italiana, July 1924, vol. 16, pp. 299-310). The author 
presents a general review of the means in current use for the preserva- 
tion of iron, and discusses the efficacy of paints, pigments, metallic 
coatings, oxidising and lacquering. A bibliography is given at the 
end of the article. 

F. N. Speller, Film Protection as a Factor in Corrosion (Paper read 
before the American Electrochemical Society, October 1924). The 
natural protective coatings formed in water, air, and soils, and the 
factors influencing the character and deposition of protective films are 
discussed. Observations in the study of the corrosion of steel pipe 
led the author to undertake investigations which indicate that the use 
of silicate of soda has a marked effect on the rate of corrosion of iron 
in hot water, and a distinct but lesser effect on corrosion in cold water, 
without entirely stopping corrosion. The specific protection depends 
to some extent on the presence of other scale forming matter in the 
water, although protective films are formed with the use of sodium 
‘ silicate in water even of zero hardness. In domestic use the addition 
of too much sodium silicate may give unpleasant results, when the 
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water is used for cooking purposes, because of excessive alkalinity. 
When the cost is not prohibitive, it is best to remove the source of the 
trouble, which in water corrosion is usually due to dissolved oxygen. 
However, the cost of deoxygenating water is at present prohibitive 
to many water supply systems, so that the best solution of the problem 
in such cases would seem to be to give the water the necessary amount 
of silicates to form a protecting film on the metal pipe. 

H. ©. Urquhart, The Uses of Cadmium (Proceedings of the Austra- 
lasian Institute of Mining and Metallurgy, December 1923, No. 52, 
pp. 207-221). The use of cadmium as a protective coating is briefly 
dealt with. 

J. N. Friend, D. W. Hammond, and G. W. Trobridge, The Influence 
of Emulsoids wpon the Rate of Solution of Iron (Paper read before the 
American Electrochemical Society, October 1924). Emulsoids or 
protective colloids exert a very pronounced retarding influence upon 
the rate of corrosion of iron. The retardation is due to the adsorption 
of the emulsoid.. Experiments are described which are thought to be 
of interest as suggesting a possible method of treating natural and 
other waters, to render them less corrosive towards ferrous and non- 
ferrous metals in practice. In these experiments small plates of steel 
were suspended in solutions of lead acetate, to which small measured 
quantities of agar were added. The results show a marked retarding 
action of the agar with rise in concentration. Other steel plates were 
suspended in solutions of copper sulphate, containing 0°05 per cent. 
of one of a series of emulsoids. Again the emulsoids showed a pro- 
nounced retarding influence. The deposition of copper on the surface 
of the plate affords only slight protection to the underlying metal. 
The corrosion loss increases with the temperature; the percentage 
retardation, due to the emulsoid, at first slightly rises with the tempera- 
ture, but then falls. In dilute sulphuric acid and stationary plates, 
the retarding effect is readily detected. However, if the plates are 
rapidly rotated, little protective effect is observed. Iron cooking 
utensils resist corrosion remarkably well. This may be attributed 
in part to the protective action of the colloidal food material which is 
cooked in these utensils. 


Electro-Deposition.—P. K. Frélich, The Introduction of Carbonaceous 
Matter in Electro-Deposited Iron and Nickel (Paper read before the 
American Electrochemical Society, October 1924). It has been defi- 
nitely shown that carbonaceous matter may be found in eleetro- 
deposited iron and nickel, when there is not the slightest indication of 
any organic colloid in the electrolyte from which deposition takes 
place. Salts of organic acids or carbonaceous gases dissolved in the 
electrolyte are in many cases sufficient to account for the contamina- 
tion of the deposited metal with carbonaceous matter. It is even 
possible to introduce such impurities into absolutely pure electro- 
deposits of iron and nickel, by exposing these deposits to cathodic 
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polarisation in solutions containing nothing but organic salts or 
carbonaceous gases plus a conductivity salt. The reactions responsible 
for the contamination are more or less dependent upon the nature of 
the inorganic ions discharged at the electrodes. 

H. KE. Haring, Throwing Power, Cathode Potentials and Efficiencies 
in Nickel Deposition (Paper read before the American Electrochemical 
Society, October 1924). 

A. J. Allmand and A. N. Campbell, The Electrodeposition of 
Manganese. Part II. (Paper read before the Faraday Society, July 7, 
1924). The best conditions for the electro-deposition of pure man- 
ganese consist in the electrolysis of a solution containing manganous 
and ammonium sulphates (the catholyte) separated by a diaphragm 
from the anolyte (ammonium sulphate solution), the H concentration 
being kept at 10-* to 10-° by the regulated addition, as required, 
of sulphuric acid or of ammonia. The temperature is 30°C. and the 
current density at the cathode 10-15 amps./d.m.*. The rotating 
aluminium cathode has a burnisher lightly pressing against it. 
Electrolyte manganese contains a considerable quantity of dissolved 
hydrogen, which is not, however, responsible for its brittle nature. 

E. Liebreich, The Electrolytic Plating of Metals with Chromium 
(Zeitschrift fiir Metallkunde, May 1924, vol. 16, pp. 175-178). Certain 
properties of chromium render that metal eminently suitable for 
plating iron and steel articles. Its tendency to oxidise at high 
temperatures is very slight compared with other metals, and on account 
of this and of its high melting point of over 1600° C. it has been found 
useful for plating such objects as flat-irons, parts of lamps, cooking 
utensils, and electric welding machines. Another advantage of 
chromium is its great hardness; soft steel drawing dies, plated with 
chromium, are as effective as hardened steel dies, and such dies produce 
no sign of striation on the drawn material such as tubes, because the 
chromium coating takes an absolutely smooth polish. Some notes on 
the deposition of chromium are added, showing the improvements 
lately made in the process. 

A. Giinther-Schulze, Coating of Aluminium by Electrolysis (Zeit- 
schrift fiir Metallkunde, May 1924, vol. 16, pp. 177-178). 


Metallurgical Education._S. L. Hoyt, On Metallurgical Education 
(Transactions of the American Society for Steel Treating, August 1924, 
vol. 6, pp. 195-202). 
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Analysis of Iron and Steel—A. Kling and A. Lassieur, Typical 
Standards for Analyses (Revue de Métallurgie, April 1924, vol. 21, 
p. 247-254; Revue Universelle des Mines, January 1, 1924, Voleuln 
pp. 53-54). An account of the formation and progress of a French 
Association to provide standardised steel samples. At a conference 
held in Paris in April 1923, an influential Committee was. formed, 
which subsequently became incorporated as the Société des Echantillons- 
Types. The newly formed Association is pursuing its investigations 
and preparing standards in collaboration with the Bureau of Standards 
in Washington and with C. H. and N. D. Ridsdale. Particulars are 
given of the chemical tolerances allowed in the analyses. These 
tolerances are shown below : 


Per Cent. 
Carbon .. a ‘ : : : .. +0-03 
Silicon. F ; F ; : » +£0-10 
Sulphur . : : ; ; ‘ . +0-01 
Phosphorus. : : : : - + 0-008 
Manganese ; 5 : ; ; » +0-03 


An elaborate certificate is attached to the samples, and it is intended 
to make recommendations as to the analytical process approved for 
the particular elements. Twostandards have already been prepared— 
namely, a basic open-hearth steel with 0-5 per cent. of carbon, and a 
basic Bessemer steel containing 0-05 per cent. of carbon. Each of these 
steels is, however, standardised in respect of silicon, sulphur, phosphorus, 
and manganese as well. In addition to the preparation of standard 
steels, it is intended to undertake the preparation of standard volu- 
metric reagents, and later on to prepare standard tensile test-pieces 
and magnetic standards of permeability. 

C. H. Ridsdale, Engineers and the Interpretation of Chemical Specifi- 
cations for Iron and Steel in Relation to Analytical Accuracy (Proceedings 
of the Cleveland Institution of Engineers, Session 1923-24, No. 5 
pp. 167-215). 

W.E. Jominy, Characteristics that Chemical Analyses Fail to Disclose 
in Pig Irons and Castings (Paper read before the American Foundry- 
men’s Association, October 1924). In order to determine whether or 
not cast irons of the same elemental chemical composition have the same 
or different characteristics when produced under varying blast-furnace 
and cupola conditions, the author has examined approximately one 
hundred samples of coke and charcoal irons. Transverse tests were 
made on test-bars and the standard tensile test was made on the lower 
half of each transverse specimen, Both Brinell and Rockwell hardness 
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tests were made on the transverse specimens near the fracture. Many 
of the samples were likewise subjected to a metallographic examination. 
The results show large differences in iron having the same chemical 
analysis, and that these differences persist throughout the remelting 
stage. The results support Johnson’s contentions regarding the 
superiority of the charcoal irons. In addition, they show the variations 
of irons in strength, composition, and metallographic structure when 
produced in blast-furnaces under known widely variant-conditions. 

The Analysis of Grey Iron Foundry Alloys (Foundry Trade Journal, 
July 31, August 7, 21, September 11, 18, 25, October 2, 1924, vol. 30, 
pp. 89-91, 118-119, 165-166, 221-222, 250-251, 268-269, 290-291). 
A series of articles describing methods for the analysis of pig 
iron, ferro-silicon, spiegel, silico-spiegel, and ferro-manganese, which 
are applicable to grey iron foundry practice. 

H. Burton-Smith, Estimation of Carbon for Open-Hearth Bath 
Samples (Iron and Coal Trades Review, July 4, 1924, vol. 109, p. 19). 
A method and apparatus employed for the estimation of carbon in 
bath samples are described. The method consists of burning the steel 
in the form of finely-sieved drillings in a silica or porcelain tube, passing 
a stream of oxygen through the tube in exactly the same manner as 
the ordinary dry combustion method, the only difference being that the 
gas is collected in a graduated burette and estimated volumetrically. 

Persoz, Estimation of Oxygen in Steel at the Knutange Works (Revue 
de l’Industrie Minérale, Mémoires, September 15, 1924, pp. 466-468). 
Oxygen is a very deleterious impurity and in any considerable amount 
makes steel red-short and incapable of being rolled or forged. 
“It is mostly present as FeO, a little being also in the form of MnO. 
Wrought and crucible steels do not dissolve oxygen. In the open- 
hearth and Bessemer steels it often occurs, and the only reason why it 
is not, as an ordinary matter of routine, estimated just as other im- 
purities such as sulphur and phosphorus, is because most of the methods 
for its estimation are long, tedious, and uncertain. The new method 
is based on heating the drillings in pure hydrogen and absorbing the 
resulting water vapour in phosphoric anhydride. In these circum- 
stances and at the temperature employed the whole of the FeO is 
decomposed, although the MnO is not affected. The pure hydrogen 
is produced by the electrolysis of a solution of potassium hydrate. An 
electric resistance furnace is used for burning of the sample, about 
5 grammes of fine drillings being used, and heated to 1000°C. The 
sample is first exposed, in the apparatus, to a temperature of 500° C., 
which effectively disposes of any moisture, without affecting the result, 
as FeO does not decompose much below 1000° C. The following 
results are quoted: 


oO FeO 
per Cent, per Cent, 
Basic steel . : : 5 : 7 0-041 = 70-180 
Hard rail steel . 3 3 c : 7202035)" 0-150 
Tungsten steel . : E : 4 - 0-022 — 0-099 
A wild charge in which the blooms cracked 
‘ é : . 0-199 = 0-850 


on rolling 
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T. E. Rooney, The Estimation of Oxygen in Pure Iron (this Journal, 

p. 122). 
J. Nekn Estimation of Silicon in High-Speed Steels (Chimie et 
Industrie, May 1924, vol. 11, pp. 886-888). Owing to the presence of 
chromium and tungsten the estimation of silicon in a high-speed steel 
becomes a lengthy and tedious business. In the presence of phosphoric 
acid, however, a complex but soluble phospho-tungstate is formed 
which enables the tungsten, which is so troublesome in the classic 
method, to be got rid of. The steel is digested in a covered porcelain 
capsule, with a phospho-sulphuric mixture, evaporated until dense 
white fumes appear, taken wp with hydrochloric acid, and tartaric acid 
added. This helps to keep the tungsten in solution. The liquor is 
filtered and the residual silica washed, burned, and weighed. To 
ensure accuracy the silica should be volat‘lised by hydrofluoric acid, 
after weighing. 

H. Dubovitz, Determination of Silicon in Ferro-Silicon (Zeitschrift 
fiir angewandte Chemie, 1924, vol. 37, p. 13). The method of decom- 
posing Fe-C by heating with Na,CO,-MgO mixture involves danger to 
the platinum crucible, and the sample is seldom decomposed by only 
one fusion. The method proposed involves decomposition with NaOH 
or KOH solution in a nickel crucible. 

T. Ashida, Use of Zine Amalgam in the Evolution Method for Deter- 
mination of Sulphur in Iron and Steel (Memoirs of the College of Science, 
Kyoto Imperial University, 1923, pp. 31-38). 

L. A. Congdon and C. H. Belge, Critical Investigations of Analytical 
Methods: Nickel (Chemical News, 1924, vol. 128, pp. 67-68). The 
accuracy of the three usual methods for the determination of nickel is 
compared. 

L. A. Congdon and R. K. Gurley, Critical Investigations of Analytical 
Methods : Chromium (Chemical News, 1924, vol. 128, pp. 68-70). Five 
methods for the determination of chromium were compared, the most 
accurate being the analysis using bichromate, iodine, and thiosulphate. 

L. A. Congdon and J. L. Neal, jun., Critical Investigations of 
Analytical Methods: Manganese (Chemical News, 1924, vol. 128, 
pp. 70-71). A comparison is presented of the results of three methods 
for the determination of manganese. 

L. A. Congdon and L. v. Rohner, Critical Investigations of Analytical 
Methods : Molybdenum (Chemical News, 1924, vol. 128, pp. 118-120). 
Four methods for the determination of molybdenum were tested and 
the results compared. 

L. A. Congdon and T. H. Chen, Critical Investigations of Analytical 
Methods : Cobalt (Chemical News, 1924, vol. 128, pp. 132-134). Six 
quantitative methods for the determination of cobalt were tested as to 
their accuracy. Precipitation with a-nitroso a-naphthol proved to be 
the one that gave the most accurate results. 

K. Swoboda, Determination of Manganese by the Stlver-Nitrate- 


Persulphate Method (Zeitschrift fiir analytischen Chemie, 1924, vol. 64, 
pp. 156-184). 
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R. W. Coltman, The Determination of Manganese (Journal of 
Industrial and Engineering Chemistry, June 1924, vol. 16, pp. 606-609). 
Manganous oxalate is proposed as a primary standard in connection 
with the determination of manganese by Volhard’s method, the chlorate 
method, and similar processes—its preparation, properties, and uses 
being described in detail. Among other things it is shown that the 
pure salt is best prepared from recrystallised potassium permanganate 
and oxalic acid, and that its use involves only a simple treatment of 
a weighed sample with nitric or sulphuric acid. 

G. Tomarchio, On the Estimation of Manganese in Metallurgical 
Materials Containing High Percentages (Giornale di Chimica Industriale 
ed Applicata, April 1924, vol. 6, pp. 163-164). The sodium bismuthate 
method has recently been advocated for the estimation of manganese 
in rich alloys. It, is, however, open to many objections. A modified 
Volhard-Wolff method, which is described, yields more generally 
accurate results. 

A. Manuelli (Giornale di Chimica Industriale ed Applicata, April 
1924, vel. 6, pp. 164-166) defends the accuracy of the Julian method, 
which employs titration with ferric nitrate and potassium perman- 
ganate solutions, and points out several sources of error in the 
Volhard method. 

I. Musatti (Giornale di Chimica Industriale ed Applicata, May 
1924, vol. 6, pp. 240-243) contrasts the various methods employed 
and considers the bismuthate method the safest. 

O. Binder, Technical Determination of Molybdenum (Chemiker 
Zeitung, 1924, vol. 48, pp. 37-38). The generally used technical 
methods for the examination of the principal molybdenum products 
are described in detail. 

K. Swoboda, The Determination of Tungsten in Tungsten Steel 
(Oesterreichische Chemiker-Zeitung, 1924, vol. 27, pp. 53-54). 

G. Tomarchio, Standardisation of Methods of Analysis in Metal- 
lurgy (Metallurgia Italiana, July 1924, vol. 16, pp. 296-299). On 
account of the disagreement between analytical results obtained in 
different laboratories it has been proposed that the Society of Industrial 
Chemistry, Rome, should carry out tests of methods of analysis 
commonly in use, and recommend the adoption of a uniform practice in 
private and State laboratories. One leading chemist has proposed that 
for estimating manganese in high-grade alloys the bismuth-sodium 
method should be adopted. The author describes his own procedure 
in his laboratory at Savona, and maintains that the Volhard-Wolft 
method of estimating manganese is the quickest and most accurate 
one under any condition. 


Analysis of Ores.—L. Brandt, Volumetric Assay of Iron Ores by 
Means of Titanous Chloride (Chemiker Zeitung, 1924, vol. 48, pp. 265- 
266, 270-271). The titanous chloride method of Knecht and Hibbert 
possesses the advantage over the usual volumetric methods of not 
requiring preliminary reduction of the iron to the ferrous state. It 
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was tested as to its applicability to the assay of iron ores, the tests 
bearing on the uniformity and proportionality of the results of the 
interference of other elements. Thiocyanate was used as internal 
indicator, being added either at the outset or after the bulk of the ferric 
salt had been reduced. The titrations were carried out at ordinary 
temperatures; it was found unnecessary to maintain an atmosphere 
of inert gas over the solution undergoing titration, but the stock solution 
of titanous chloride must be stored in a bottle communicating with a 
source of carbon dioxide ; in this manner it keeps unchanged for several 
weeks. The process was found to be simple and accurate, and to give 
almost exactly proportional results. The only interfering metals are 
copper, antimony, vanadium, and platinum, whilst larger quantities 
of chromium and cobalt affect the end-point more or less by yielding 
coloured solutions. The interference of platinum (derived from the 
crucible in the case of bisulphate fusion) is smaller than in the per- 
manganate titration. Antimony, cobalt, and vanadium occur very 
rarely and in negligible quantities; for practical purposes copper 1s 
the only metal which seriously interferes, being quantitatively reduced 
to the cuprous state. 

W. W. Scott, Diphenylamine Indicator in the Volumetric Determina- 
tion of Iron (Journal of the American Chemical Society, June 1924, 
vol. 46, pp. 1396-1398). Diphenylamine indicator, shown by Knop 
to be valuable in the titration of iron with potassium dichromate, 
may also be used in potassium permanganate titrations of iron. The 
presence of hydrochloric acid, stannic chloride, and mercurous chloride 
do not interfere, thus enabling potassium permanganate titrations to 
be made where formerly they were not possible. 

A. Kling and A. Lassieur, The Separation of Aluminium and Iron 
from Zinc, Manganese, and Nickel by the Acetate Method (Comptes 
Rendus, 1924, vol. 178, pp. 1551-1552). The method gives accurate 
results in the separation of aluminium from zinc and manganese, but 
in the presence of iron the results are uncertain. 

G. Carobbi, Analytical Researches on the Traversella Scheelite (Gaz- 
zetta Chimica Italiana, January 1924, vol. 54, pp. 59-63). Recent 
analyses have established the following approximate varieties of 
scheelite in the Traversella deposits and their compos tion : : 


1 2. 3. 4, 
Tungstic acid (WO,) . : ; 77-038 77-35 78-75 79-68 
Molybdie acid (MO) . : : 3-15 2-46 1-47 0-72 
Lime : 5 : 19°73 18-33 19323 19-43 
Magnesia 06 1-67 0-55 trace 


The varieties tabulated are: (1) Colourless; (2) rose-brown; (3) 
greenish-brown ; and (4) orange-yellow. The association of molybdic 
acid with the tungsten necessitates special care in the analysis of 


CHEMICAL ANALYSIS. 469 


the mineral, which is tedious and requires much time. A method is 
described which may be relied on to give the best results. A com- 
plete analysis recently carried out at the Chemical Institute in Naples 
has shown that niobium, tantalum, barium, strontium, and traces of 
lanthanum, cerium, and neo- and presodymium are present. 

K. Jiinger, Hstimation of Tungsten in Low-Grade Ores (Zeitschrift 
fiir analytische Chemie, 1923, vol. 63, pp. 488-439). 


Analysis of Coal and Coke.—C. de la Condamine, The Sampling of 
Coal (Chaleur et Industrie, April 1924, vol. 5, pp. 189-194). A detailed 
consideration of the difficulties encountered in obtaining, from a large 
bulk of coal, a sample which shall be truly representative. The sources 
of error in sampling arise from the different sizes of the lumps and 
the different proportions existing between the lumps and the smalls 
complicated by the presence of stone and dirt. Formule are given 
showing how these factors influence the result. 

H. Bahr, Estimation of Sulphur in Coal (Chemiker Zeitung, 1924, 
vol. 48, p. 428). The reliability of Eschka’s method is questionable in 
the case of coals rich in sulphur (over 2 per cent.). The method pro- 
posed is based on the alumino-thermic reaction. A mixture of 0-5 
gramme of coal, 0-4 of aluminium powder, and 3 of barium peroxide 
is briquetted ; briquetting is indispensable to prevent loss by spirting. 
The briquette is ignited in a silica crucible covered with a perforated 
lid: all the sulphur present in the coal is converted into barium sul- 
phide. After cooling, the crucible is treated in a suitable apparatus 
with dilute hydrochloric acid, and the hydrogen sulphide absorbed in 
cadmium solution, the sulphide being estimated with iodine and 
thiosulphate. 

F. Bauriedel, Sulphur Determination in Brown-Coal (Chemiker 
Zeitung, 1924, vol. 48, pp. 122). The methods of Eschka, Brunck, and 
Langbein are compared for the determination of sulphur in brown-coal. 

F. Foerster and J. Probst, Determination of Sulphur in Coal and 
Coke (Brennstoff-Chemie, 1923, vol. 4, pp. 357-358). The author 
shows the Eschka method to be incorrect in many cases, particularly 
with brown-coals. 

H. H. Shepherd, The Examination of Foundry Coke (Metal Industry, 
September 12, 19, 1924, vol. 25, pp. 255-256, 283-284). The importance 
of the control of coke supplies in cupola melting is discussed, and an 
outline is given of methods for the sampling and analysis of coke. 


Analysis of Gas.—H. Nielsen, Gas Analysis : the Determination of 
Hydrogen and Methane in Producer-Gas (Fuel, June 1924, vol. 3, 
pp- 204-205). The author describes a simple arrangement, embodied 
in a portable Orsat apparatus, which has been used for hydrogen and 
methane determinations, and has given results of considerably greater 
accuracy than the ordinary method. ‘ 
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NOTICES OF RECENT BOOKS PRESENTED 
TO THE LIBRARY. 


Asuton, T. S. “Iron and Steel in the Industrial Revolution.” 8vo, 


pp. xi + 265. (Publications of the University of Manchester, No. 
elxiv.) London and New York: Longmans, Green & Co. (Price 
15s. net.) 


The author of this interesting history of a most important period in 
the development of the British iron industry is Senior Lecturer in Economics 
in the University of Manchester, and writes more from the point of view 
of an economist than of a regular historian. He has had access to sources 
of information which had either escaped the attention of, or have not been 
available to, earlier writers on economic history. The book consists mainly 
of an account of the growth and development of the production of iron 
and steel in England, Wales, and Scotland, within the period 1700 to 
1815, based on the surviving records of business undertakings established 
in the eighteenth century, such as the Boulton and Watt Collection, the 
Coalbrookdale MSS., the Law Book of the Crowley Ironworks, the Horse- 
hay MSS., the Huntsman MSS., the Thorncliffe MSS. of Newton Chambers 
& Co., Ltd., some old records of the Ebbw Vale Co., and the Minutes of the 
Meetings of Ironmasters. 

The first chapter of the book sketches the growth of the charcoal iron 
industry and its position at the opening of the eighteenth century, the 
merits of Dud Dudley as pioneer in the use of coal for iron-smelting being 
placed in their proper perspective. In the following chapters is traced 
the development of the industry during the next 120 years, beginning 
with the first great discovery by Abraham Darby L. of the use of coke in the 
blast-furnace, which laid the foundation for all futureadvance. The author 
describes the part played by Boulton and Watt in introducing steam 
power, and the relations of that firm with John Wilkinson of Bersham, 
the Darbys of Coalbrookdale, the Carron Co., and other new undertakings, 
and shows how the steam-engine became a powerful auxiliary both in 
developing the industry and in stimulating the production of iron for the 
manufacture of the engines themselves. Benjamin Huntsman’s invention 
of cast steel, together with Henry Cort’s perfection of the puddling process 
and his invention of rolling bar iron which followed some years later, gave 
the crowning impetus to the establishment in Great Britain of an iron 
and steel industry on a large scale. The book closes with an account of 
the movements tending to combination among the ironmasters, and of 
the wages and conditions of labour in the latter half of the eighteenth 
century. 

Not the least interesting passages of this history are those describing 
the vicissitudes of the industry due to political events of great moment, 
such as wars and revolutions. Much evidence is available to show that 
stagnation of the iron trade following a prolonged period of war is no new 
phenomenon, as may be seen from the account of the languishing state of 
the iron industry after the Seven Years War, and its complete prostration 
for several years immediately following the Napoleonic Wars. 
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BoucuEr, J.N. ‘“ William Kelly: A True History of the so-called Bessemer 
Process.” 8vo, pp. 258, illustrated. Greensburg, Pa., 1924: The 
Author. 

In this book the author attempts to revive the ancient controversy as 
to whomis due the main share of the credit for the invention of the Bessemer 
process. The respective merits of William Kelly and Henry Bessemer 
in the development of the pneumatic method of the refinement of molten 
pig iron have long ago been assigned their true place in history, and those 
interested in searching into the matter for themselves can consult such 
eminent and impartial authorities as James Swank, Lyman Holley, and 
Dr. Rossiter Raymond. In fact, it is common knowledge that Kelly in 
1856 established his claim to priority over Bessemer in the invention and 
use in the United States of the pneumatic process. The fantastic story 

*told by the author, in which he seeks to show up Bessemer as a mere char- 
latan who pirated Kelly’s invention by unworthy means, is not supported 
by a shred of trustworthy evidence. It is remarkable chiefly for the 
manifestation of envy of Bessemer who achieved a brilliant success, 
whereas Kelly, who had begun groping along the same lines a year 
or two before Bessemer started his independent experiments, met with 
comparative failure. Unconsciously, perhaps, the author has thrown suffi- 
cient light on the state of mind of William Kelly, at the time he realised 
that Bessemer had conceived a more effective means than his own for 
carrying out the process of refining iron, to show that the whole story of 
Bessemer’s alleged visit to Kelly’s furnaces at Suwannee for the purpose of 
pirating Kelly’s invention was nothing more than an inspiration of the 
overwrought imagination of a disappointed man. Obviously the story 
must have been made public at the time, 7.¢c. about 1857, ifits originator 
had had a genuine belief in his own allegations: 


Evans, U. R. “ The Corrosion of Metals.” 8vo, pp. xii + 212, illustrated. 


London, 1924: Edward Arnold & Co. (Price 14s. net.) 

In this work the author has sought to emphasise the essential mechanism 
of the changes in metals due to corrosion, choosing examples from industrial 
or engineering practice to illustrate the manner in which the different 
factors operate. Throughout the volume abstruse mathematics are almcst 
entirely avoided; in a few places, where a more detailed description of 
some matter involving symbolism has seemed desirable, the necessary 
treatment has been compressed into a footnote. The book opens with 
an historical survey of the subject, and a chapter is devoted to informa- 
tion in a condensed form concerning certain elementary facts of electro- 
chemistry. A certain amount of experimental work has been undertaken 
specially for the purposes of this book, and the results are published in 
it for the first time. In view of the magnitude of the subject and the brief 
space available, numerous references are given in footnotes to literature, 
where fuller details of particular sections of the subject can be found. 
In the body of the book examples are given of different types of corrosion, 
sometimes of one metal, sometimes of another, therefore it has been thought 
well to add an Appendix, in which the individual metals are discussed in 
turn. Here the behaviour of each metal towards the most important 
corrosive agencies is summarised very briefly, and, in contrast with earlier 
chapters, no attempt is made to suggest causes for the facts enumerated. 

The work is a valuable addition to the literature on the subject. 


Greaves, R. H., and H. Wricutson. “ Practical Microscopical Metallo- 
graphy.” La. 8vo, pp. x + 125, with 184 figures. London, 1924: 
Chapman & Hall, Ltd. (Price 16s. net.) 


Both the authors of this work are of the Research Department, Wool- 
wich. The book is intended to provide, within a small compass, a set of 
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typical photomicrographs, suitably annotated, and accompanied by an 
account of such related matters as might profitably occupy the minds of 
students devoted to microscopical work. In this werk the structures of 
metals and alloys of industrial importance are considered in detail in the 
light of their construction, but with special reference to their mechanical 
properties and practical utility. A description is also given of the technique 
of microscopical examination and of photomicrography; and methods 
of overcoming some practical difficulties which may be encountered are 
indicated. The book contains the following chapters: I. Introduction; 
II. Preparation of Specimens for Micro-Examination; III. The Micro- 
scope and Method of Microscopical Examination; IV. The Structure of 
Pure Metals and of Alloys; V. The Structure and Properties of Ingot Iron 
and Wrought Iron; VI. The Structure and Properties of Normalised and 
Annealed Carbon Steels, and the Effect of Hot and Cold Work; VIJ. The 
Structure and Properties of Hardened and Tempered Carbon Steels ; 
VIII. The Structure and Properties of Alloy Steels, and the Effect of Heat 
Treatment; IX. Non-Metallic Inclusions and Defects in Steel; X. The 
Structure and Properties of Pig Iron, Cast Iron, and Malleable Cast Iron ; 
XI. The Effect of Impurities in Copper; XII. The Structure and Properties 
of Alloys of Copper with Zinc, Tin, and Aluminium; XIII. The Structure 
of Aluminium Alloys, Zine Alloys, and Bearing Metals. 

The book should be of great value to those who desire to make use of 
this method of examination. 


JOHANNSEN, O. ‘“‘ Geschichte des Hisens.”’ 4to, pp. 246. Compiled in 


collaboration with others, under the auspices and at the instance 
of the Verein Deutscher Hisenhiittenleute. Diisseldorf, 1924: Verlag 
Stahleisen, M.b.H. 


To quote the opening words of the Preface of this book: “‘ Just as the 
voyager through uncharted seas must preserve a precise knowledge of the 
course already traversed in order to determine his present position and 
set his future course, so the craftsman must study the records of the past 
concerning his craft if he desires to co-operate in building up the noble 
edifice of modern technical achievement. From a sound knowledge of 
history, youth may gain the experience and judgment of age.” The 
object of the work is accordingly to present within a reasonable compass 
a succinct account of the history of iron, from the earliest ages down to 
the end of the nineteenth century, based mainly on the well-known monu- 
mental work of Dr. Ludwig Beck, with additional matter derived from 
sources which have come to light since Dr. Beck’s day. The book divides 
the history of iron into four periods : The primitive period, up to about the 
time ofthe great migration of nations; the Middle Age, ending about the year 
1500, when the manufacture of iron was revolutionised by the invention 
of the blast-furnace ; the later Age, or the age of the charcoal blast-furnace, 
which came to an end in the various iron-producing countries at different 
dates between 1750 and 1850; and, finally, the Age of Coal, which is sub- 
divided into the age of malleable iron and the age of low carbon steel made 
by a fusion process. An interesting illustration is the reproduction of 
an ancient document dating at the end of the fourteenth century, which 
contains the first authentic written record of an ironfounder, one Merckeln 
Gast of Frankfort, who claims, among a number of other accomplishments, 
that he can cast small iron cannon and firearms. The document is 
now preserved in the archives of the city of Frankfort. The history of 
the rise of the iron industry in England, due to the discovery of Abraham 
Darby of the use of coke for smelting pig iron in the blast-furnace, is dealt 
with at some length and is exceedingly well told; indeed, throughout the 
period and right to the end of the nineteenth century, which is about as © 
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far as the author takes us, the events are recorded with great regard to 
accuracy and impartiality. The illustrations are excellently reproduced, 
and in general style and make up the book leaves nothing to be desired. 


Koreyaar, A. “ Combustion in the Gas-Producer and the Blast-Furnace : 
A New Theory.” 8yvo, pp. xii + 177, illustrated. London, 1924: 
Crosby Lockwood & Son. (Price 15s. net.) 


After devoting some years to the study of the theory of the blast- 
furnace, the author, who holds the position of Lecturer in Industrial 
Chemistry at the University of Leyden, has found that the ordinary prin- 
ciples of combustion furnished no adequate explanation of certain pheno- 
mena observed in the practical working of a blast-furnace, and to account 
for these it became necessary to establish a new theory of combustion. To 
begin with, a blast-furnace is considered to have two functions—namely, 
the production of heat, which is termed ‘‘the producer function,” and 
the reduction of the iron from the ore, which forms “the metallurgical 
function ” of the furnace. The producer function involves the combustion 
of coke as carried out in the producer, and accordingly the author, before 
proceeding to elaborate his new blast-furnace theory, presents a theory of 
combustion as it takes place in the gas-producer, the efficiency of which 
depends entirely upon the state of its zone of combustion. It is shown 
that the factors that govern the temperature of the zone of combustion 
of the gas-producer are the same as those that dominate in the zone of 
combustion of the blast-furnace, and these are: the carbon factors 
(combustibility), the air factors (velocity, temperature, moisture), and 
the furnace factors (diameter and conductivity of furnace walls). A con- 
sideration of the influence of the carbon factors on the volume of the zone 
of combustion leads to the formulation of the “law of heat compression,” 
which forms the basis of the author’s new theory of combustion. Briefly, 
it is shown that by use of coke of a higher combustibility the zone of com- 
bustion is reduced in area, but is raised considerably in temperature, or, 
as the author puts it, the heat becomes “‘ compressed,” owing to the smaller 
space in which it is generated, the heat losses being consequently reduced, 
and considerable fuel economy results. 

In Part IT. of the book this theory is applied to blast-furnace practice, 
and it is shown that the fuel economy gained by means of the use of fuel 
of high combustibility, hot-blast, and other factors governing combustion, 
is all due to the law of heat compression. 

The book, as the author admits, is somewhat abstruse, but nevertheless 
it forms a valuable contribution to our knowledge of the theory of the 
blast-furnace. The English rendering of the text might be improved on, 
and even the law itself on which the new theory of combustion is raised 
might better have been termed: ‘‘ The law of heat concentration.” In 
issuing a second edition the author would be well advised to submit the 
text to an expert in blast-furnace practice for correction of some minor 
defects in the use of technical terms. 


“ Physics in Industry.” Lectures delivered before the Institute of Physics. 
8vo. Vol. I. pp.59, witha Foreword by Sir J. J. Thomson, O.M., F.R.S. 

Vol, II. pp. 48, with a Foreword by the Hon. Sir Chas. A. Parsons, 
K.C.B., LL.D., F.R.S. Oxford, 1924: Oxford University Press. 
London: Humphrey Milford. (Price Vol. I. 2s. 6d. net; Vol. II. 3s. net.) 
These volumes contain a series of six lectures, which have been delivered 

before the Institute of Physics, on the part played by physics in various 
industries. To judge from the experience of the past, no method is more 
likely to lead to increased production than the industrial application of 
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physical science and the results of research, To do something to promote 
this is one of the objects of these lectures. The contents of Volume I. 
are: Physics in Engineering Science, with Special Reference to Mechanical 
Engineer, by Professor Archibald Barr, D.Sc.; The Physicist in Engineer- 


ing Practice, by Sir James A. Ewing, K.C.B., F.R.S.; The Physicist in — 


Electrical Engineering, by C. C. Paterson, O.B.E. Volume II. contains 
the following lectures: Applications of Physics to the Ceramic Industries, 
by J. W. Mellor, D.Sc.; The Physicist in the Textile Industries, by A. EK, 
Oxley, D.Se.; The Physicist in Metallurgy, by C. H. Desch, D.Sc., F.R.S. 


Sacus, G. “ Grundbegriffe der Mechanischen Technologie der Metalle.” 8vo, 


pp. 317, with 232 figures in the text. [The work forms Vol. II. of the 
series ‘‘ Der Metallische Werkstoff,” edited by W. Guertler.] Leipzig, 
1925: Akademische Verlagsgesellschaft M.b.H. (Price 15 marks.) 


This book deals mainly with the nature and character of the changes 
in properties and structure which manifest themselves in metals as the 
result of mechanical treatment, particular consideration being given to the 
laws governing the permanent deformation of metals due to applied stresses. 
In the first part of the book the relations between the stresses and the 
nature of the deformation produced by these are discussed. The second 
part treats of the behaviour of metallic crystals and of crystalline aggre- 
gates so far as light has been thrown on this subject by the study of single 
crystals. Finally, in the third part, consideration is given to the relation- 
ship between the structure of pure metals and alloys, and their mechanical 
propert’es, the influence of heat treatment being also briefly referred to, 

The author has made a critical survey of the work of other investi- 
gators, and has collected and summed up in this book practically the whole 
of the available knowledge upon the subject of the manner in which the 
mechanical properties are affected by stressing metals in various ways, 
such as by cold-working, and by the application of tensile, compressive, 
and torsional forces, and of the extent to which these properties are re- 
vealed by the various methods of testing. By comparing the main results 
of the different experts, he has aimed at harmonising many apparently 
contradictory phenomena which manifest themselves as the consequence 
of cold-working, and he establishes that a definite knowledge of the 
mechanical treatment which a material has undergone is, in general, suffi- 
cient to enable the engineer to judge the value of the mechanical pro- 
perties, concerning which it is necessary to have accurate knowledge for the 
purposes of his calculations. 

A vast amount of research on the effect of cold-working has been carried 
out in the last ten or twelve years, but the author is probably the first to 
have collected the main results of the work of numerous experts in different 
countries, and to have made these available within the compass of a single 
book. Such a work must therefore be a valuable acquisition, not only 
to metallurgists, who have to supply materials of construction, but also to 
engineers and designers of machines and structural work. A good trans- 
lation of the book into English would be highly useful. 


Skeuron, H. J. ‘“ Economics of Iron and Steel: Being an Haxposition of 


Everyday Practice in the Heavy Iron and Steel Trades.” 8vo, pp. 679. 
Second edition. London, 1924: Stevens & Sons, Ltd., and H. J. 
Skelton & Co., Ltd. (Price £1.) 

_ The book sets forth the leading principles and practices of the British 
iron and steel trades, more particularly in the heavy manufacturing trades, 


which the average engineer, merchant, buyer, and user ought to know and 
understand. The information presented has been acquired by the author 
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in the course of a busy life in intimate association with the iron and steel 
industry, and as head of a firm of buyers of iron and steel of diverse origin 
and for various purposes at home and abroad. The nature and composi- 
tion of the ores and other raw materials used, and of the products obtained 
from the various processes, are set out in full, and an extremely useful 
feature of the book is the enumeration and definition of the principal brands 
and classes of pig iron, wrought iron, and steel, with details of their manu- 
factures and analyses, supplemented by a good glossary. The standard 
tests for steel material, and also the standard dimensions of rolled products 
as prescribed by the British Engineering Standards Association, are giver. 
A chapter is devoted to an exposition of the conditions of sale customarily 
observed by British manufacturers, followed by a comparison with sales 
conditions prevailing on the Continent, and much other information of a 
highly practical and useful nature has been brought within the compass 
of the book. 

In view of the publications which are continually appearing in other 
countries presenting an up-to-date picture of the economic position of their 
respective national iron industries, it has been somewhat of a reflection on 
the British iron industry that no really authoritative work on that industry 
has been published for many years, and the gratitude of British manu- 
facturers is certainly due to the author for the timely appearance of this 
handbook, which supplies a serious want of long standing. 


““ Taschenbuch fiir Berg- und Hiittenleute.” 8vo, pp. 1477, with 810 figures 
in the text. Edited by F. Kogler, with the collaboration of the follow- 
ing authorities: G. Brion, A. Brosche, O. Dahlke, A. Dannenberg, 
G. Franke, A. Gerke, W. Gross, R. Hoffmann, W. Hiittner, K. Kegel, 
F. Kogler, F. Kolbeck, K. Krug, H. Neumann, H. Niess, F. Peters, 
C. Schiffmer, F. Schulte, F. Schumacher, A. Schwemann, F. 
Seidenschnur, G. Spackeler, E. Treptow, A. Wallichs, E. Wandnoff, 
and W. Weigelt. Berlin, 1924: “Wilhelm Ernst u. Sohn. (Price 25s.) 


This new pocket-book forms a complete and up-to-date compendium 
in thirty-two chapters of the art of mining and mine-surveying, and of 
the subsidiary branches of technology related to the winning of minerals, 
their treatment and preparation, and the extraction of metals from the 
ores. As introductory to the main subject of the work, the first three 
chapters contain respectively concise expositions of the science of 
mineralogy, practical geology, and the theory of mineral deposits, this 
last-named subject being divided into the following sub-sections: (1) Ore 
deposits—their formation, structure, composition, and classification ; 
(2) Salt deposits, such as rock-salt and potash deposits—their origin and 
structure; (3) the Coal measures—the origin and classification of coal, 
and brown-coal deposits ; (4) Petroleum deposits—their geology, origin, and 
the occurrence of petroleum. ‘Then follow chapters dealing servatim with 
every operation involved in the opening and development of mines, methods 
of working, surveying, equipment, the washing, briquetting, and coking 
of coals, ore-dressing and extraction of the metals from their ores, assaying, 
and other subjects, not omitting a review of mining law. 

The work is not intended to form a text-book, but to serve as a com- 
prehensive book of reference for the benefit of those engaged in or interested 
in mining and metallurgy generally, or in any one branch of those arts. 
Each chapter on every separate subject has been specially compiled by an 
authority with expert knowledge of that particular subject. A wealth of 
information is given concerning methods, appliances, outputs, and costs, 
all of which is based on absolutely up-to-date practical experience, though 
owing to conditions which vary from one district to another, the values 
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given by a writer with special experience of the conditions in one district 
only, must in some cases be regarded as rough average values only. This 
is particularly the case as regards the section dealing with Metallurgy, in 
which industry, furnaces, ores, fuels, processes, and methods of working 
differ very widely. It should be added that a short bibliography of 
standard works on a subject is given at the head of each chapter dealing 
with that subject. 

The work certainly fulfils all that the editor claims for it, as a valuable 
work of reference. Notwithstanding his disclaimer of its purpose as a 
text-book, it might likewise quite well serve on occasion as a most useful 
text-book for advanced students, as well as for professional mining engineers 
and inspectors. 
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SUBJECT INDEX. 


(References to the papers read before the Institute are indicated by the word 
Paper following the page number. The letter P. denotes a reference to 
a subject incidentally mentioned in a paper. The letters D. and A. denote 
references to discussions on papers and to the section dealing with abstracts 
respectively. ] 
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ACID SOLUTIONS, action of, on mild steel, 9, Paper. 
Arrica, coal in, 343A. 

AGEING, influence of, on elastic behaviour of steel, 4324. 
AIR-FURNACE SLAGS, composition of, 3914. 

AKRIT, properties of, 444A. 

ALABAMA, by-product coking in, 355A. 

coal-washing practice in, 363A. 

ALBERTA, coal in, 344A. 

dry cleaning of coal in, 3634. 

ALLOY STEEL, brittleness in, 427A. 

heat treatment of, 413A. 

manufacture of, 4124. 

ALLOY STEEL CASTINGS, 3864. 

Atoys, aluminium-magnesium, hardening of, 146P. 
chromium, properties of, 453A. 
corrosion-resistant, properties of, 4534., 460A. 
delta-gamma transformation in, 451A. 
electrical-resistant, properties of, 456A. 
granulation theory of crystallisation in, 451A. 
heat-resistant, properties of, 456A. 

high resistance, electrical properties of, 439A. 
iron-carbon, critical ranges of, 447A. 
iron-carbon-silicon, structural constitution of, 448A. 
iron-chromium-carbon, ternary diagram of, 450A. 
iron-nickel, hardness of, 433.4. 

iron-oxygen, case-hardening of, 119P. 
iron-oxygen, properties of, 90, Paper. 
iron-silicon, density of, 4354. 

nickel-chromium, magnetic properties of, 441A. 
—_— thermo-electric properties of, 446A. 

ALLOYS RESEARCH, 85, Paper. 

ALUMINIUM, coating of, 4634. 

influence of silicon and iron on, 448A. 
separation of, from zinc and manganese, 468A. 
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ALUMINIUM-MAGNESIUM ALLOYS, hardening of, 146P. 
ALUMINIUM-ZINC SYSTEM, 152P. 

AmuRIoA, iron industry of, 328A. 

AmmricaANn TuBE AnD Stampine Co., rolling-mill plant of, 404A. 
AMMONIA, recovery of, from coke-oven gas, 355A. 
AMMONIA GASES, corrosion of metals in, 4584. 
ANALYsIs of coal and coke, 469A. 

of gas, 469A. 

of iron and steel, 464A. 

magnetic, 4384. 

of ores, 467A. 

of scheelite, 468A. 

ANALYTICAL STANDARDS, 4644. 

British, 484. 

ANHBUI, iron ore in, 327A. 

ANNEALING of carbon steel, 412A. 

of chain links, 412A. 

of silicon steel, 438A. 

of wire, 415A. 

ANNEALING FURNACES, 4134. 

An-SHan Ironworks, plant of, 328A. 
ANTHRACITE, origin of, 347A. 

ANTIMONY, use of, in enamel ware, 419A. 

ARMCO IRON, effect of grain-size on extension at yield point in, 317, Paper. 
hardening of, at high temperatures, 409A. 
magnetic properties of, 4404. 

—w— red-shortness of, 4274. 

ARSENIC in Queensland, 326A. 

Assam, petroleum in, 356A. 

AssociatTEs, election of, 3. 

ATOMIO STRUCTURE, X-ray examination of, 452A. 
AUSTRALIA, iron industry of, 328A. 

mineral resources of, 326A. 

AUTUMN MEETING, proceedings of, 1. 

AVERY TESTING MACHINE for springs, 434A. 


B. 


Batts, etched, hardness of, 203P. 

hard, production of, 183, Paper. 

hardening of, by cold-working, 184P. 
hardness of, 438A. 

hardness tests of, 189P., 234P. 

rebound tests of, 198P. 

Bars, centrifugal casting of, 400A. 

notched, brittleness of, 428A. 

BASSET DIRECT PROCESS, 380A. 

BAUMANN METHOD of taking sulphur prints, 449A. 
BEARDSLEY AND PIPER SAND-SLINGING MACHINE, 385A. 
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Bearings for rolling-mills, 4044. 

Bzars, formation of, in blast-furnaces, 370A. 

BECKER COKE-OVEN, 350A. 

Bexerum, petroleum refining in, 359A. 

Beie Crry MaLneaBue Iron Co., plant of, 392.4. 
Bereivus process for extraction of oil from coal, 3584. 
BERGLOF DIRECT PROCESS, 3804 

BESSEMER CENTRIFUGAL CASTING PROCESS, 389A. 
BESSEMER PROCESS, acid, function of manganese in, 394.4. 
acid, in Sweden, 394A. 

function of slags in, 377A. 

Galy-Cazalat claims to discovery of, 3954. 
introduction, of, in France, 395.4. 
BIBLIOGRAPHY, 477. 

of corrosion prevention, 461A. 

of fatigue of metals, 425A. 

of hardening of carbon steels, 4144. 

of iron ore in China, 3284. 

of magnetic testing, 4384. 

of magnetisation of nickel-chromium alloys, 4414. 
of pickling, 418A. 

BIBOLINI-RIBONI ELECTROSTATIC SEPARATOR, 332A. 
BILuet MIL3s, 4044. 

Buast, dry air, use of, 3944. 

oxygen enrichment of, 3714. ; 
BLAST-TURNACE, behaviour of nitrogen in, 368A. 
behaviour of sulphur in, 3684. 

charging devices for, 366A. 

combustion in, 3664. 

formation of bears in, 370A. 

influence of ore size on reduction in, 367A. 
profiles of, 366.4. 

relationship between lines of, and methods of blowing, 364A. 
smelting of magnetite in, 368A. 

time required for reduction in, 367A. 

use of dynamite for demolition of, 366A. 

use of phosphate in, 370A. 

use of scrap and slag in, 3694. 
BLAST-FURNACE DESIGN AND EQUIPMENT, 364A. 
BLAST-FURNACE GAS, cleaning of, 372A. 

composition of, 369A. 

flow of, in mains, 373A. 

use of, 362A. 

BLAST-FURNACE PRACTICE, 366A. 

influence of number and diameter of tuyeres on, 364A. 
BLAST-FURNACE SLAGS, colour classification of, 377A. 
function of, 377A. 

manufacture of pipes from, 379A. 

use of, 378A. 
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BLAST-FURNACE STOVES, fuel requirements of, 3414. 
BuisteErs, formation of, in enamelled ware, 57D. 
formation of, on sheets, 12P. 

——— formation of, on tubes, 51D. 
BLOOMING-MILLS, 403A. 
BLOWHOLEs in ingots, 399A. 
BOuLER BROTHERS, steelworks of, 396A. 
Bornes, use of low-grade fuel under, 341A. 
use of pulverised fuel under, 342A. 
Books, notices of, 470. 
Boron, use of, in case-hardening, 409A. 
BoOURCOUD DIRECT PROCESS, 380A. 
BRAKE sHonS, moulding of, 3844. 
BRAZIL, electric furnaces in, 398A. 
Bricks. See Refractory bricks. 
Brine, quenching properties of, 4144. 
BRINELL HARDNESS NUMBERS of steel balls, 210P. 
BRINELL TEST on hardened steel, 183, Paper. 
BriqueEttss, testing of, 340A. 
BritisH EmMPiIR=, mineral resources of, 326A. 
BRITTLENESS in alloy steels, 427A. 
of chain links, 4124. 
of notched bars, 428A. 
Bronze, use of, for welding cast iron, 417A. 
BROWN BLAST-FURNACE HOIST, 3664. 
Brown coat, estimation of sulphur in, 4694. 
Brunck merHop for estimation of sulphur, 469A. 
BULGARIA, coal in, 3444. 
— iron ore in, 326A. 
Burma, oil shale in, 358A. 
petroleum in, 3564. 
Burners for petroleum, 359A. 
By-PRODUCT RECOVERY, 350A. 


Cr 


CABLES, strength of, 435A. 

CADILLAC MALLEABLE IRon Co., plant of, 392A. 

CapMiuM, use of, as a protective coating, 462A. 

CaLirorNiA, kempite in, 330A. 

CALORIFIC VALUE of fuel, 340A. 

CAMMEN CENTRIFUGAL CASTING PROCESS, 400.4, 

CANADA, coal in, 344.4. 

lignite in, 3444, 

mineral resources of, 327A, 

peat in, 349.4, 

aap effect of, on specific resistance and magnetic properties, 291, Paper, 
439A. 

in high-speed steel, 260P. 
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CARBIDES in nickel-chromium steels, 4514. 
CarBon, effect of, on specific resistance and magnetic properties, 291, Paper,4394. 
estimation of, in bath samples, 465A. 
influence of, on magnet steel, 4114. 
CARBON MONOXIDE, influence of, on refractory bricks, 338A. 
CARBON STEEL, annealing of, 412A. 

corrosion of, 456A. 

endurance properties of, 427.4. 

hardening of, 4144. 

hardness of, 432.4. 

heat treatment of, 411A. 

influence of heat treatment on, 414.4. 
influence of impurities on dendritic structure of, 450A. 
influence of manganese on, 442A. 
magnetic properties of, 4404. 

quenching diagrams for, 4144. 
recrystallisation of, 426.4. 

specific heat of, 447A. 

specifications for heat treatment of, 437A. 
tensile properties of, 429.4. 
CARBONISATION, low temperature, 353.4. 

use of lead bath for, 3544. 
CaRBORUNDUM BRICKS. See Refractory bricks. 
CARTHAGENA, iron ore in, 329A. 

CASE-HARDENED STEEL, fatigue resisting properties of, 425A. 
CASE-HARDENING, gases evolved during, 408A. 

of iron oxygen alloys, 119P. 

local, 408A. 

of steel, 408A., 412A. 

use of nitrogen and boron in, 409A. 

CAST IRON, corrosion of, 456A4., 460A. 

dilatation of, 436A. 

filtration of, 382.4. 

graphitic softening of, 459A. 

grey, growth of, 424A. 

grey, liquid contraction in, 423A. 

grey, segregation in, 423.4, 

grey, structure of, 4204., 423A. 

influence of carbon on, 423A. 

influence of chill on, 4214.° 
non-magnetic, 442A. 

pearlitic, 423.4. 

pearlitic, manufacture of, 3814. 
phosphide eutectic in, 420A, 

properties and tests of, 420A. 

synthetic, manufacture of, 385A. 
test-bars for, 424A, 

use of bronze in welding, 417A. 

use of, in motor car construction 384A. 
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CAST IRON, variations in composition of, 464.4. 
welding of, 417A. 

welding of, compound for, 4174. 

white, graphitisation in, 421A. 

——— white, solidification and cooling of, 421A. 
Castine, centrifugal, of bars, 400A. 

centrifugal, of pipes, 3884. 

centrifugal, in sand-lined moulds, 390A. 
CASTING TEMPERATURE, influence of, on metals, 421A. 
Castineas, alloy steel, 386A. 

cleaning of, 392A. 

——— cold lap in, 424A. 

internal stresses in, 423A. 

malleable, influence of heat treatment on, 412A. 
malleable, influence of titanium on, 422A. 
malleable, manufacture and. properties of, 390A. 
permanent moulds for, 3834. 

porosity in, 424A, 

relation between strength and thickness, 424A. 
sound, production of, 394A. 

steel, manufacture of, 386A. 

used, for textile machinery, 384A. 

X-ray examination of, 453A. 

CrmeEnt, use of blast-furnace slag for, 378A. 
CEMENTITE, granular, formation of, 448A. 
spheroidised, in hypoeutectoid steel, 410A. 
CENTRIFUGAL CASTING of bars, 400A. 

of pipes, 388A. 

in sand-lined moulds, 390A. 

CERAMIC MATERIALS, dilatation of, 336A. 

CHAIN LINKS, influence of annealing and proofing on, 4124. 
CHEKIANG, iron ore in, 327A. 

CHENOT DIRECT PROCESS, 3804. 

CHIHLI, iron ore in, 327A., 328A. 

manganese ore in, 329A. 

CaILL, influence of, on cast iron, 421A. 

CHILLED ROLLS, manufacture of, 385A. 

CHILLED WHEELS, moulding of, 393A. 

CuINA, coal in, 344A. 

iron industry of, 327A. 

iron ore in, 3274. 

iron ore in, bibliography, 3284. 

mineral resources of, 3294. 

CHROMIUM, estimation of, 466A. 

use of, in metallurgy, 3744. 

CHROMIUM ALLOYS, properties of, 453.4. 
CHROMIUM-MOLYBDENUM STEEL, brittle range in, 4284. 
propertics of, 4444, 

CHROMIUM-NICKEL STHEL, properties of, 444.4, 
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CHROMIUM STEEL, ledeburitic constituents in, 443A. 
recrystallisation of, 426A. 
CHROMIUM-TUNGSTEN-VANADIUM STEEL, hardness of, 432.4. 
CLAY REFRACTORIES, pyrometric tests of, 3364. 
CLAY-SILLIMANITE MIXTURES, properties of, 334.4. 
CLEVELAND, iron ore mining industry of, 3754. 
Coat, analysis of, 469.4. 

bituminous, use of, in manufacture of water-gas, 362A. 
constitution of, 3474. 

dry cleaning of, 3634. 

estimation of sulphur in, 469.4. 

extraction of oil from, 3584. 

geographical distribution of, 3434. 

handling of, 363A. 

low-grade, utilisation of, 341A. 

low temperature carbonisation of, 353A. 
oxidisability of, 349A. 

plastic state of, 352A. 

preparation of, for coking, 350A. 

pulverised, combustion of, 342.4. 

pulverised, use of, in soaking pits, 4024. 
pulverised, utilisation of, 342A. 

sampling of, 469A. 

sand flotation process for, 350A. 

specific gravity of, 349.4. 

spontaneous combustion of, 349.4. 

sulphur in, 3484. 

testing of, 340A. 

washing of, 363A. 

X-ray examination of, 348A. 

Coat AsH, melting point of, 3434. 

CoAL GAS, corrosion caused by, 458A. 

CoBALt, estimation of, 4664. . 
influence of, on high-speed steel, 443A. 
COBALT STEEL, use of, for magnets, 441A. 

Coxe, analysis of, 469A. 

blast-furnace, influence of coking temperature on, 351A. 
blast-furnace, properties of, 351A. 
combustibility of, 353.4. 

desulphurisation of, by steam, 3524. 
estimation of sulphur in, 469.4. 

foundry, properties of, 352A. 

influence of size of coal on character of, 352.4. 
manufacture and properties of, 3514. 
reactivity of, 352A. 

structure of, 353A. 

testing of, 340A. 

use of, in gas-producers, 361A. 

CoKE-OVEN GAS, recovery of by-products from, 355A. 
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COKE-OVEN GAS, use of, for town lighting, 3624. 
COKE-OVEN PLANTS, 349A. 

COKE-OVEN PRACTICE, 3514, 

COKE-OVENS, design of, 351 A. 

fuel requirements of, 341A. 

Coxine, thermal reactions during, 351A. 

CoKING TEMPERATURE, influence of, on coke, 351A. 
COLD-DRAWN STEEL, manufacture of, 415A. 
CoLD-ROLLED STRIP, manufacture of, 405A., 4154. 
CoLD-ROLLING of iron containing oxygen, 117P. 
CoLD-WORKED STEEL, elastic behaviour of, 432A. 
CoLD-WoRKING, hardening of steel balls by, 184P. 
influence of alloy metals and temperature changes on, 415A. 
of iron and steel, 433A. 

CoLoraDoO FUEL AND [RON Co., rail mill of, 404A. 
ComeustIon of fuel, 3414. 

of pulverised fuel, 342.4. 

spontaneous, of coal, 349A. 

surface, use of, in furnaces, 401A. 
ConoreEts, use of slag sand in, 378A. 
Conpvctivity, electrical, of iron containing oxygen, 111P. 
thermal, of carborundum refractories, 335A. 
thermal, of nickel steel, 436A. 

thermal, of refractory bricks, 3384. 

Congo, coal in the, 343A. 

Consutt Iron Co., coke-oven plant of, 349.4. 
CoNnTRACTION, liquid, in grey cast iron, 423A, 

of steel during heat treatment, 279P. 
Coouina, influence of rate of, on metals, 4214. 
——— of white cast iron, 4214. 

CooLInG BEDS, 4054. 

CooLine cuRVES of iron oxygen alloys, 97P. 
Coprer, influence of, on red shortness of iron, 427A. 
COPPER-IRON SYSTEM, 151P. 

CoRE STOVES, 383.4. 

Corss, oil sand, use of, 3884. 

Corrosion of metals, 456.4. 

prevention of, 4614. 

prevention of, bibliography, 4614. 

relation between, and tarnishing, 458A. 
CoRROSION TESTS, 456A, 

Costa Rica, manganese ore in, 329A, 

COTHIAS CASTING, 383.4. 

CRANKSHAPTS, forging of, 411A, 

CrirIcaL Pornts of iron-oxygen alloys, 100P. 
CRYSTAL STRUCTURE, X-ray examination of, 452.4. 
CRYSTALLISATION, granulation theory of, 4514. 
CRYSTALLOGRAPHY, 447A. 

CrystTALs, diffusion of hydrogen through, 41P. 
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CUPOLA MIXTURES, 382A. 

CUPOLA PRACTICE, 3814. 

CUPOLA SLAGS, function of, 3774. 

Cuponas, design of, 3814. 

melting of steel in, 3864. 

CUPRIC REAGENTS, effect of, on iron containing oxygen, 117P. 
CYLINDERS, cast iron, specifications for, 4374. 

manufacture of, 3844. 


1 


DAMASCENE STEEL, structure of, 273D. 

DeErorMATION, hot, influence of, on nickel-chromium steel, 428A. 
plastic, 4304. 

plastic, effect of free surfaces on, 61, Paper. 

De LAVAUD CENTRIFUGAL CASTING PROCESS, 389A. 

Density of iron silicon alloys, 435A. 

of pig iron, 422.4. 

DEOXIDISATION, influence of, on nickel-chromium steel, 4C0A. 
DEPHOSPHORISATION in open-hearth process, 394A. 

DI CASTING, 383A. 

Drs, forging, design of, 403.4. 

heat treatment of, 411A. 

Dirrvusion of hydrogen in steel, 9, Paper. 

DinataTiIon of cast iron, 436A. 

of refractory materials, 336A. 

of tungsten, 436A. 

DIRUcT PROCESSES, 379A. 

DIsTILLATION, low temperature, of tar, 355A. 

DoMNARFYVET, electric smelting at, 3744. 

Drawing, cold, of steel, 4154. 

of steel, 402.4. 

of wire, 415A. 

DRriLu STEEL, failure of, 411A. 

DROP FORGING PRACTICE, 403A. 

DuraLumtin, hardening of, 146P. 

DYE ADSORPTION TEST for moulding sands, 388A. 

Dynamite, use of, for demolition of blast-furnace stacks, 366A. 
DynAaMomeETERs, 4344, 


H. 


Eastern Ligut Castixes Co., Lrp., foundry plant of, 393A. 
ECKHARDT CENTRIFUGAL CASTING PROCESS, 3884, 
Epvucation, metallurgical, 463.4. 

ERRENWERTH DIRECT PROCESS, 380A. _ 

ELastic Limit, dynamic measurement of, 4294. 


494. SUBJECT INDEX. 


ELASTIC LimtT, effect of surface movement on, 64P. 
—_—— of mild steel, 430A. 

— of work-hardened steel, 431 A. 

ELEctRic ConDUCTIVITY of iron containing oxygen, 111P. 
ELEctTrRIC DRIVING of rolling-mills, 4054. 

ELECTRIC FURNACE PRACTICE, 397A. 

basic, use of fluorspar in, 398A. 

ELECTRIC FURNACES in Brazil, 398A. 

construction of, 398A. 

manufacture of blast-furnace cement in, 3784. 
manufacture of synthetic iron in, 385A. 

twin, 3824. 

use of, in foundries, 3824., 386A. 

ELECTRIO HEAT-TREATMENT FURNACES, 4134, 
ELECTRIC PROPERTIES of high resistance alloys, 439A. 
ELECTRIC RESISTIVITY of high-speed steel, 437A. 
ELEOTRIC SMELTING of iron ore, 373A. 

ELECTRIC WELDING, 416A. 

ELECTRICITY, use of, in steel-making, 399A. 
ELECTRO-DEPOSITION of metals, 4624. 

ELECTRODES, reduction of iron ore as, 373A. 
ELECTROLYTIC CORROSION, 457A. 

ELECTROLYTIC TRON, manufacture of, 580A. 
recrystallisation of, 4254. 

ELECTROSTATIC CLEANING of blast-furnace gas, 372A. 
ELECTROSTATIO SEPARATION of ores, 332.4. 

ELInvAR, properties of, 444.4. 

Emoutsorps, influence of, on rate of solution of iron, 462A. 
ENAMELLED WARE, formation of blisters in, 57D. 

use of antimony in, 419A. 

ENDURANCE PROPERTIES of rivet steel, 426A. 
ENDURANCE TESTS of metals, 425A. 

EscuxkA METHOD for estimation of sulphur, 4694. 
EVERARD DAVIES LOW TEMPERATURE CARBONISATION PROCESS, 354.4. 
EXPANSION of ceramic materials, 3364. 

of pig iron, 422.4, 

of silica bricks, 336.4. 


ie 


Fatigue of metals, 425A. 

of metals, bibliography of, 425A. 
Fatiave Tests of iron containing oxygen, 116P. 
of metals, 4264. 

FELD BY-PRODUCT RECOVERY PROCESS, 3564. 
FERRIO OXIDE, melting puint of, 101P. 
FERRO-CHROMIUM, manufacture of, 3744, 
FERRO-MANGANESE, analysis of, 465A. 
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FERRO-MANGANESE, manufacture of, 3944. 

FERRO-PHOSPHORUS, manufacture of, 3744. 

FERRO-sILICoN, analysis of, 465A. 

estimation of silicon in, 4664. 

FIRECLAY REFRACTORIES, manufacture of, 334.4. 

Frrecrays, influence of exposure on, 3384. 

properties of, 337A. 

Fuintstonss, use of, as substitute for quartzite in manufacture of silica bricks, 
334A, 

FLow HARDNESS, 234P. 

FLuorspar, use of, in basic electric furnace practice, 398A. 

use of, in blast-furnace cement, 3784. 

FLYWHEELS, specifications for, 4374. 

Forp Motor Co., foundry plant of, 393A. 

ForGE FURNACES, 4014. 

Foreme of crankshafts, 4114, 

Forcing piss, design of, 4034. 

ForGING PRACTICE, 401A. 

Foreines, heat treatment of, 4104. 

FounNDRIES, equipment of, 392A. 

use of electric furnaces in, 382A., 386A. 

Founpry costs, 3934. 

FOUNDRY PRACTICE, 3814. 

Founpry Traps Exntrpirion, 3924. 

Fox CENTRIFUGAL CASTING PROCESS, 389A. 

FRANCE, bituminous shale in, 3584. 

coke-ovens in, 3504. 

introduction of Bessemer process in, 395A. 

iron ore in, 329A. 

lignite in, 345A. 

petroleum in, 356A. 

rolling-mills in, 403A. 

FROTH FLOTATION PROCESS of coal washing, 363A. 

FUuEL, calorific value of, 340A. 

combustion of, 341A. 

constitution of, 347A. 

consumption of, in Peace of steel, 340A., 4014. 

liquid, 356A. 

low-grade, utilisation of, 3414. 

pulverised. See Coal. 

Fuert Economy, 340A. 

FUKIEN, iron ore in, 327A, 

FURNACE LININGS, 394A. 

FURNACE WALLS, heat transmission of, 339A. 

FurRNACES, flow of gases in, 397A. 

for forges and mills, 4014. 

heat balances of, 340A. 

use of producer-gas in, 362A. 

use of surface combustion in, 401A. 
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GALVANISED COATINGS, Preece test for, 418A. 
GALVANISED WIRE, specifications for, 4364. 
GALVANISING, use of sal-ammoniac as a flux in, 418A. 
Gaty-CazaLaT PRocESS for manufacture of steel in converter, 394A. 
GaAs, analysis of, 4694. 

: artificial, 359A. 
natural, in Germany, 362A. 
town, use of, in industry, 3624. 
Gas-ENGINES, 362A, 
GasEs, flow of, in furnaces, 397A. 
in steel, 395A. 

GastFicaTion, low temperature, 360A. 
GaAs-PRODUCERS. See Producers. 
GEAR CASES, moulding of, 384A. 
GELLIVARE, iron ore in, 330A. 

GERARD GAS-PRODUCER, 359A. 

GERMANY, electric power in, 406A. 
lignite in, 345A. 

natural gas in, 362A. 

petroleum in, 356A. 

quartzite in, 3334. 
GIRDER HOOKS, tests of, 435.4. 
GLENFIELD AND KENNEDY, Lrp., foundry plant of, 393A. 
GLYCERIN, quenching properties of, 414A. 
GoGopsky-SECOMET BLAST-FURNACE HOIST, 3664. 
GRAIN SIZE, effect of, on extension at yield point in Armco iron, 317, Paper. 
GRANULATION THEORY of crystallisation, 451A. 
GRAPHITE in Queensland, 3264. 
GRAPHITISATION in white cast iron, 4214. 
GREAT Brivaty, coal resources of, 3464. 

coke-ovens in, 349.4. 
foundries in, 392A. 

history of railways in, 377A. 

oil shale in, 357A. 
GRONDAL DIRECT PROCESS, 380A. 
GUN CONSTRUCTION, improvements in, 4164. 
GURLT DIRECT PROCESS, 380A. 


1ak 
Hanover, petroleum in, 3564. 
Han-Yuu-Pine Works, plant of, 3284. 
HARDENED STEEL, Brinell test on, 183, Paper. 
defects of, 4314. 
X-ray examination of, 4534. 
HARDENING of carbon steels, 414.4. 
of Duralumin, 146P. 
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HARDENING of high-speed steel, 268P., 437A. 

of soft steel at high temperatures, 4094. 

of steel, 145, Paper, 412A. 

of steel balls by cold working, 184P. 

of wire, 413.4. 

Harpness, flow, 234P. 

of high-speed steel, 259P. 

of iron-nickel alloys, 4334. 

of steel balls, 4384. 

of tool steel, 432.4. 

work, 234P. 

HARDNESS TESTING MACHINE, Herbert, 219, Paper, 433A. 
Harpness TEsts, ball indentation, 433.4. 

of iron containing oxygen, 115P. 

of metals, 229P. 

of steel balls, 189P., 234P. 

HARLAND AND Wotrr, Lrp., foundry plant of, 3924. 
HAaAwse PIPES, moulding of, 387A. 

HAYANGE, iron ore in, 329A. 

Haat, specific, of carbon steel, 447A. 

HEAT BALANCES of furnaces, 340A. 

Heat ComprREsSION, law of, 366.4. 

HEAT TRANSMISSION of furnace walls, 339A. 

HEAT TREATMENT, 4094. 

of alloy steel, 413A. 

of dies, 411A. 

of férgings, 410A. 

of high-speed steel, 258P. 

infiuence of, on carbon steel, 4144. 
influence of, on magnet steel, 411A. 

—— influence of, on malleable castings; 412A. 

of nickel steel, 4114. 

of ordnance steel, 411A. 

quenching media used in, 414A. 
specifications for, 437A. 

of stainless steel, 455A. 

use of salt baths in, 4144. 

volume changes of steel during, 275, Paper. 
of wire and strip, 412A., 4134., 415A. 
HEAT TREATMENT FURNACES, 413A. 

HERBERT PENDULUM HARDNESS TEST of steel balls, 189P. 
HERBERT PENDULUM HARDNESS TESTER, 219, Paper, 433A. 
HIGH-SPEED STEEL, estimation of silicon in, 4664. 
hardening and electrical resistivity of, 437A. 
influence of cobalt and vanadium on, 443A, 
nature of, 249, Paper. 

History of iron, 377A. _ 

Honan, iron ore in, 327A. 

HoRNSEY DIRECT PROCESS, 379A. 


1924—ii, 2K 
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Hunan, coal in, 345A. 

iron ore in, 327A. 

HupE#I, iron ore in, 327A. 

HUSGAFVEL DIRECT PROCESS, 380A. 
HYDROCHLORIC ACID, action of, on steel, 26P. 
HyproaeEn, diffusion of, in steel, 9, Paper. 

, estimation of, in producer-gas, 4694. 


ik 


ILLINGWORTH LOW TEMPERATURE CARBONISATION PROCESS, 354A. 


Tuuinors STEEL Co., gas-engine plant of, 3624. 

IMPACT TENSILE TEST, 429A. 

Impact rests of iron, containing oxygen, 115P. 

Inpia, foundries in, 393A. 

petroleum in, 356A. 

InpiAn IRon And Steet Co., blast-furnace plant of, 376A. 
Inaot sizz, influence of, on nickel chromium steel, 428A. 
Incgors, blowholes in, 399A. 

casting and treatment of, 399A. 

homogeneity of, 400A. 

segregation in, 394A. 

Intanp StHet Co., rolling-mill plant of, 404A. 
INTERNATIONAL Founpry TrApDES ExuHtsirion, 3924. 
Invar, properties of, 4444. 

TRELAND, coal in, 346A. 

Tron, direct production of, 379A. 

electro-deposition of, 4624. 

electrolytic, manufacture of, 380A. 

electrolytic, recrystallisation of, 425A. 

estimation of sulphur in, 466A. 

history of, 377A. 

——— influence of, on aluminium, 448A. 

influence of emulsoids on rate of solution of, 462A. 
influence of oxygen on, 90, Paper. 

liquid, specific gravity of, 435A. 

melting point of, 99P. 

production of, 3644. 

pure, estimation of oxygen in, 122, Paper. 

pure, transformations in, 447A. 

red shortness of, 427A. 

solubility of, in iron, 100P. 

spectral lines of, 452.4. 

titration of, 468A. 

TRON-CARBON ALLOYS, critical ranges of, 447A. 

delta gamma transformation in, 451A. 
TRON-CARBON-SILICON ALLOYS, structural constitution of, 4484. 
IRON-CHROMIUM-OARBON ALLOYS, ternary diagram of, 450A. 
TRON INDUSTRIES of various countries, 374A. 


a 


SUBJECT INDEX. 499 


TRON-NICKEL ALLOYS, delta gamma transformation in, 4514. 
hardness of, 4334. 

TRon orz, analysis of, 467A. 

direct reduction of, 379A. 

electric smelting of, 3734. 

geographical distribution of, 326A. 

leaching of, 3324. 

manganiferous, origin of, 3314. 

reduction of, as electrodes, 373.4. 

Tron ox1p3, influence of, on properties of iron, 90P. 
TRON AND OXYGEN, 90, Paper. 

Tron PorTLAND CEMENT, test of, 378A. 
IRON-SILICON ALLOYS, density of, 435A. 

Traty, bituminous chalks in, 3584. 

kaolin in, 333A. 

magnesite in, 3334. 


J. 


JuGo-SLavIA, coal in, 346A. 
JULIAN METHOD for estimation of manganese, 467A. 


Le 


Kao rn in Sardinia, 3334. 

Kemprre in California, 330A. 

KranaslI, iron ore in, 327A. 

KIANGSJ, iron ore in, 327A. 

KuruNAVAARBA, iron ore in, 330A. 

KoNARAK IRON, examination of, 313, Paper. 

KoppERS LOW TEMPERATURE CARBONISATION PROCESS, 354A. 
KUANGSI, iron ore in, 327A. 

_ KUANGTUNG, iron ore in, 327A. 

KUEIOCHOT, iron ore in, 327A. 


L. 


LANARKSHIRE, coal in, 346A. 

LANGBEIN METHOD for estimation of sulphur, 469A. 
Lecrur PRocsgss of heat treating wire and strip, 412A. 
Lianits in France, 345A. 

gasification of, 361A. 

in Germany, 345A. 

low temperature carbonisation of, 3534. 

in Saskatchewan, 344A. 

LimestTon®, phosphated, use of, in blast-furnace, 370A. 
L.R.P. LOW TEMPERATURE GASIFICATION PROCESS, 360A. - 
Lung-YEN Ironworks, plant of, 3284. 

LURGI BLAST-FURNACE GAS CLEANER, 3734. 


~ 
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MACKEER BLAST-FURNACE HOIST, 3664. 

MACLAURIN LOW TEMPERATURE CARBONISATION PROCESS, 360A. 

MAcROSCOPIO EXAMINATION OF STEEL, 449A. 

Maenestre in Italy, 3334. 

MAGNET STEEL, influence of heat treatment and carbon content on, 4114. 

K.S. properties of, 4444. 

MAGNETIC PROPERTIES, effect of carbon changes and condition of carbides on, 
291, Paper, 439A. 

of iron containing oxygen, 112P. 

of iron and steel, 437A. 

MAGNETIO TESTING, 437A. 

MAGNETITE ORB, smelting of, 368A. 

MaGnets, use of cobalt steel for, 4414. 

MALLEABLE CASTINGS, influence of heat treatment on, 412A. 

influence of titanium on, 422A. 

manufacture and properties of, 3904. 

MALLEABLE IRON FURNACES, use of pulverised fuel in, 3434. 

MANOHURIA, iron ore in, 327A., 328A. 

Mancanzs#, electro-deposition of, 463A. 

estimation of, 4664. 

function of, in acid Bessemer practice, 394A. 

influence of, on carbon steel, 442A. 

influence of, on red shortness of iron, 427P. 

separation of, from aluminium, 468A. 

MANGANESE ORE in China, 329A. 

in Costa Rica, 329A. 

in Panama, 329A. 

in Queensland, 3264. 

MANGANESE STEEL, properties and manufacture of, 434A. 

use of, for trackwork, 434A. 

MANNESMANN PROCESS of tube manufacture, 415A. 

MARTENS SCRATOH TEST of steel balls, 189P. 

MarrensirteE in high-speed steel, 256P. 

MELTING POINT of coal ash, 3434. 

of ferric oxide, 101P. 

of iron, 99P. 

MeEmpers, election of, 1. 

Merouant Mirts, 4044. 

MeEraLLogRraPHy, 447A. 

METALLURGICAL EDUCATION, 4634. 

METHANE, estimation of, in producer-gas, 469A. 

MEUNIER BLAST-FURNACE HOIST, 3664. 

Mexico, petroleum in, 3564. 

MIGEON GASEFACTOR, 3614. 

MILD STEEL, action of acid solutions on, 9, Paper. 

elastic limit of, 430A. 


SUBJECT INDEX. 


Mixers, heat losses in, 370A. 
MOoLyYBDENITE in Queensland, 326A. 
MotyspEnum, estimation of, 466A4., 467A. 
MoLyBDENUM STEEL, cutting tests of, 4434. 
properties of, 4444. 

Morocco, petroleum in, 357A. 


Moror CAR CONSTRUCTION, specification for iron and steel for, 436.4. 


use of cast iron for, 3844. 

Movtprne of car wheels and brake shoes, 3844. 
of chilled wheels, 393.4. 

in dry sand and loam, 383.4. 

of gear cases, 384A. 

of hawse pipes, 387A. 

— of pipes, 3844. 

of propellers, 383A. 

of pumps, 3844. 

of steel castings, 3864. 

of valves, 3844., 386A. 

MovuLDING MACHINES, 385A. 

MovLpIne sANbs, properties and tests of, 387A. 
reclamation of, 388.4. 

Mov.ps, permanent, for castings, 3834. 


N. 


Natrona Car WHEEL Co., foundry plant of, 393A. 
New Mexico, coal in, 347A. 

New York Starz, iron industry of, 375A. 

NEw ZEALAND, blast-furnace in, 376A. 

NICKEL, electrodeposition of, 462A. . 

estimation of, 466A. 

NICKEL-CHROMIUM ALLOYS, magnetic properties of, 441A. 
NICKEL-CHROMIUM STEEL, carbides in, 451A. 
corrodibility of, 453A. 

influence of deoxidation on, 400A. 


——— influence of ingot size and hot deformation on, 428A. 


recrystallisation of, 426A. 
NICKEL ORE in Queensland, 326A. 
NICKEL STEEL, heat treatment of, 411A. 
thermal conductivity of, 436A. 
Niger, coalin, 343A. . - 
NirroGen, behaviour of, in blast-furnace, 368A. 
influence of, in steel, 394A. 

use of, in case-hardening, 409A. 
NomMENCcLATURE of tensile testing, 436A. 
of iron and steel, 448A. 
Norway, electric smelting in, 373A. 
NoTCHED BARS, brittleness of, 4284. 
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Oxsituary Nortozs, 320. 

Om, production of, from coal, 358A. 

Om SHALE in Burmah, 358A. 

in Somerset, 357A. 

O1s, quenching properties of, 414A. 

ONnAKAKA TRon AND Steet Co., blast-furnace plant of, 376A. 
ONTARIO, iron ore in, 327A. 

OPEN-HEARTH FURNACES, design of, 397A. 

fuel requirements of, 341A... 


OPEN-HEARTH PROCESS, absorption of sulphur from fuel in, 395A. 


dephosphorisation in, 394A. 

function of slags in, 377A. 

recent developments in, 395A. 

ORDNANCE STEEL, heat treatment of, 4114. 
manufacture of, 396A. 

Org, analysis of, 467A. 

electrostatic separation of, 332A. 

—— geographical distribution of, 326A. 
handling of, 3634. 

microscopic examination of, 3314. 

origin of, 331A. 

preparation of, 3314. 

ORE MINES, valuation of, 331A. 

OsmonnvitE, 4484. . 

OUGHTERSIDE COLLIERY, coal-washing practice at, 3634 
OVERSTRAIN of metals, 4294. 

Oxip8, ferric, melting point of, 101P. 

iron, influence of, on properties of iron, 90P. 
solubility of, in iron, 100P. 
OxXyY-ACETYLENE WELDING, 417A. 

OxyYGEn, estimation of, in pure iron, 122, Paper. 
estimation of, in steel, 465A. 

influence of, on iron, 90, Paper. 

-——— influence of, on red shortness of iron, 427A. 
use of, for enrichment of blast, 3714. 


ie 


Pant, use of, for protecting iron, 461A. 
PANAMA, manganese ore in, 3294. 
PATENTING of wire, 415A. 

Prat, in Canada, 349A. 

gasification of, 361A. 

preparation of, 349A. 

PECHELBRONN DISTRICT, petroleum in, 356.4. 
PEKING, coal in, 345A. 
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Prn-Cr’1-Hu IRonworks, plant of, 3284. 

PERMALLOY, magnetic properties of, 113P., 4424. 
properties of, 4444, 

PERSIA, petroleum in, 3574. 

PETROLEUM, burners for, 359.4. 

geographical distribution of, 356.4. 

geology of, 3574. 

refining of, in Belgium, 3594. 

PICKLING, bibliography of, 4184. 

of steel, 9, Paper. 

of wire, 4154, 

Pie tron, American specification for, 3764. 

analysis of, 465.4. 

density and expansion of, 4224. 

effect of composition of raw materials on costs of, 370A. 
evolution of, 377A. 

manufacture of, 3644. 

variation in composition of, 464A. 

Press, cast iron, tests of, 424A. 

centrifugal casting of, 3884. 

manufacture of, from blast-furnace slag, 379A. 
moulding of, 384A. 

PIRON LOW TEMPERATURE CARBONISATION PROCESS, 354A. 
PIsTON RINGS, specifications for, 436A. 

Prrcu, recovery of, from coke-oven gas, 355A. 
PHOSPHATE ROCK, in Tennessee, 374A. 

PHOSPHATES, use of, in blast-furnace, 370A. 

PHOSPHIDE EUTECTIC in cast iron, 420A. 

PLASTIC DEFORMATION, effect of free surfaces on, 61, Paper. 
Pratss, punched, tensile properties of, 435.4. 

PLATINITE, properties of, 4444. 

PLAUSON LOW TEMPERATURE CARBONISATION PROCESS, 354A, 
PoLanp, petroleum in, 357A. 

Porosity in castings, 4244. 

of refractory bricks, 337A. 

Power, consumption of, in steelworks, 406A. 

PreEcE TsSsT for galvanised coatings, 418A. 

Presszs, hydraulic, 403A. 

Pressine of steel, 402A. 

PRoDUCER-GAS, determination of hydrogen and methane in, 469A. 
enrichment of, 3614. 

properties of, 361A. 

use of, in furnaces, 362A. 

PRODUCER PRACTICE, 360A. 

Propucers, application of, to power generation, 360A. 
design of, 359.4. 

fuel requirements of, 341A. 

use of coke in, 3614. 

PROPELLERS, moulding of, 383A. 
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PYRELECTRIO PROCESS of combustion, 342A. 

Pyrires, influence of, on spontaneous combustion of coal, 349A. 
Pyrometric TESTS of clay refractories, 336A. 

Pyrometry, 446A. 

Pupp.ina, function of slags in, 3774. 

Pumps, moulding of, 384A. 

P’u-Tuneg Iron AND STEELWORKS, plant of, 328A. 


Q. 


Quartzire in Germany, 3334. 

use of flintstones as substitute for, in manufacture of silica bricks, 334A, 
QUEENSLAND, mineral resources of, 326A. 

QUENCHING DIAGRAMS for carbon steel, 414.4. 

QUENCHING MEDIA, bibliography of, 414.4. 

properties of, 414A. 

QUENCHING STRESSES in steel, 430A. 


R. 


RAIL-MILLS, 4044, 

Rats, draughting of rolls for, 404A. 

rolling of, in United States, 404.4. 

wear of, 433.4. 

RAILWways, history of, in Great Britain, 377A. 
REACTIONS, slag, 396.4. 

thermal, during coking, 3514. 

REAGENTS, cupric, effect of, on iron containing oxygen, 117P. 
REBOUND TESTS on steel balls, 198P. 
RECRYSTALLISATION of electrolytic iron, 425A. 

of steel, 426A. 

RD SHORTNESS of iron, 427A. 

REFRACTORY BRICKS, alumina-silica minerals in, 338A. 
carborundum, thermal conductivity of, 335A. 
influence of carbon monoxide on, 3384. 
manufacture of, 3344. 

porosity of, 337A. 

properties of, at high temperature, 335A. 
silica, storage of, 337A. 

silica, use of flintstones as a substitute for quartzite in manufacture of, 
334A. 

specific gravity of, 3364. 

thermal conductivity of, 3384. 

REFRACTORY MATERIALS, dilatation of, 336.4. 
properties and tests of, 333A. 

REHEATING FURNACES, 4014. 

use of surface combustion in, 401A. 


RESISTANCE, specific, effect of carbon changes and condition of carbides on, 291, 
Paper, 439A, 
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Resistivity, electrical, of high-speed steel, 437.4. 
RuwopEsIA, coal in, 343.4. 

RIVET STEEL, influence of sulphur on, 426.4. 
ROCK-DRILL STEEL, failure of, 4114. 
ROCKWELL HARDNESS TEST of steel balls, 190 P. 
Roiuine, cold, of strip, 4154. 

of rails, 404.4. 

of strip, 4054, 

ROLLING-MILL ENGINES, 4034. 

ROLLING-MILL PRACTICE, 403.4. 
RoLLING-MILLs, bearings for, 4044. 
electricdriving of, 405.4. 

equipment of, 403A. 

power requirements of, 406A. 

Rotts, chilled, manufacture of, 385.4. 
draughting of, for rails, 4044. 
hardened, manufacture of, 402A. 
RGONTGEN RAYS, examination of coal by, 348A. 
Rovumanta, petroleum in, 3574. 

Russi, iron industry of, 375A. 


Ss. 


SACK ROLLING-MILL, 403A. 

SAL-AMMONTAG, use of, as a flux in galvanising, 418A. 
SALT BATHS, use of, in heat treatment, 414A. 
SAND, preparation of, for sand-blasting, 392A. 
SAND FLOTATION PROCESS of preparing coal, 350A. 
Sarpint, kaolin in, 3334. 

SASKATCHEWAN, lignite in, 344A, 

ScHEELITE, analysis of, 468A. 

ScHOOP METAL-SPRAYING PROCESS, 418A, 
ScHURMANN CUPOLA, 381A., 392A. 

ScoTLanD, coal in, 3464. 

Sorap, use of, in blast-furnaces, 369A. 
SCRUTINEERS, appointment of, 1. 

SEGREGATION in grey iron, 423A. 

in steel ingots, 394A. 

SEMI-STEEL, manufacture and properties of, 385A. 
SHALE, bituminous, in France, 358A. 

SHANSI, coal in, 3444. 

iron ore in, 327A., 3284. 

SHANTUNG, coal in, 3454. 

iron ore in, 327A., 328A. 

SHEARING TESTS of wire, 4314. g 

SHEET STEELS, specification for, 437A. 

SuEets, formation of blisters on, 12P. 

SHELLS, drawing of, 402A. 

SHIMER CASE-HARDENING PROCESS, 408A. 
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SHOENBERGER WorkKS, plant of, 415A. 
SIEURIN DIRECT PROCESS, 3804. 
Sizica Bricks, See Refractory bricks. 
SILICO-MANGANESE STEELS, recrystallisation of, 426A. 
SILIcO-SPIEGEL, analysis of, 4654. 
manufacture of, 3944. 
SiLicon, estimation of, in high-speed steel, 4664, ‘ 
influence of, on aluminium, 448A. ; 
SILICON STEEL, annealing of, 438A. 
SILLIMANITE, artificial, preparation of, 334A. 
SILLIMANITE-CLAY MIXTURES, properties of, 334.4. 
SKELP MILLS, 4034. 
SLAG REACTIONS, 396A. 
SLags, air-furnace, composition of, 391A. 
blast-furnace, colour classification of, 377A. 
blast-furnace, manufacture of pipes from, 379A. 
biast-furnace, use of, 378A. 
composition of, 3774, 
function of, 377A. 
use of, in blast-furnaces, 369A. 
SLIP BANDS, effect of, on elastic limit, 64P. 
SLUSH OASTING, 383A. 
SOAKING PITS, use of pulverised coal in, 402A. 
Soorkré DES Actmries pp Lonewy, blooming-mill of, 4034. 
Socrats NoRMANDE DE Mfratiurats, coke-oven plant of, 350A. 
SODERBERG ELECTRODES, reduction of iron ore as, 373A. 
SopIUM CYANIDE, recovery of, in coking, 356A. 
SoDIUM HYDROXIDE SOLUTIONS, quenching properties of, 414A. 
SOLIDIFICATION of white cast iron, 421A. 
Some=rSET, oil shale in, 3574. 
SorBITE, structure of, 448A. 
SPAIN, iron ore in, 329A. 
~~" SPaRk TEST of steel, 445A. 
SPECIFIC GRAVITY of coal, 349A. 
of liquid iron, 435A, 
of silica bricks, 336A. 
SPECIFIC HEAT of carbon steel, 447A. 
SPECIFIC RESISTANCE, effect of carbon changes and condition of carbides on, 291, 
Paper, 439A. 
SPECIFIC VOLUME of steel, 4354. 
SPECIFICATIONS, American, for heat treatment of carbon steel, 437A. 
American, for pig iron, 3764, 
American, for steel, 437A. 
——— American, for wrought iron, 437A. 
British, for cast iron engine cylinders, 437A: 
British, for flywheels, 437A. 
British, for galvanised wire, 436A. 
British, for piston rings, 436A. 
British, for sheet steels, 437A. 
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SPECIFICATIONS, British, for structural steel, 4364. 
British, for tubes, 437A. 

———— British, for valve steels, 4364. 

- British, for wrought steels, 437A. 

SPECTRAL Linzs of iron, 452.4. 

SPIEGELEISEN, analysis of, 465.4. 

SPRAYING of metals, 418A. 

Sprinas, testing of, 434A. 

SsucHUAN; iron ore in, 327A. 

STAINLESS IRON, endurance properties of, 427A. 

STAINLESS STEEL, heat treatment of, 455A. 

properties of, 453A. 

Stamprne of steel, 403.4. 

STEEL, alloy, brittleness in, 427.4. 

alloy, heat treatment of, 413.4. 

alloy, manufacture of, 4124. 

case-hardened, fatigue-resisting properties of, 425A. 
case-hardening of, 408A4., 412A. 

cold-drawn, manufacture of, 415.4 

cold-worked, elastic behaviour of, 432A. 
consumption of fuel in production of, 401A. 
Damascene, structure of, 273D. 

diffusion of hydrogen in, 9, Paper. 

drawing of, 402A. ; 

— drill, failure of, 411A. 

electric refining of, 397A. 

endurance properties of, 426A. 

estimation of carbon in, 465A. 

estimation of oxygen in, 465A. 

estimation of sulphur in, 4664. 

gases in, 395A. 

hardened, Brinell test on, 183, Paper. 

hardened, defects of, 431A. 

hardened, X-ray examination of, 453A. 

hardening of, 145, Paper, 412A. 

heat treatment of, 409A. 

- high-speed, estimation of silicon in, 466A. 
high-speed, hardening and electrical resistivity of, 437A. 
high-speed, influence of cobalt and vanadium on, 4434. 
high-speed, nature of, 249, Paper. 

hypoeutectoid, spheroidised cementite in, 410A. 
influence of high temperature on repetition stresses of, 426A. 
—_ influence of nitrogen in, 394A. 

influence of titanium on, 396A. 

— killed and effervescing, 395A. 

macroscopic examination of, 449A. 

magnet, influence of heat treatment and carbon content on, 4114. 
magnet, properties of, 444A. 

malleability of, at high temperature, 402A. 
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STEEL, melting of, in cupola, 386A. 

mild, elastic limit of, 430A. 

ordnance, heat treatment of, 411A. 

ordnance, manufacture of, 3964. 

pickling of, 9, Paper. 

pressing of, 4024. 

production of, 394A. 

quenching stresses in, 4304. 

—— recrystallisation of, 426A. 

rivet, influence of sulphur on, 426A. 

semi-, manufacture and properties of, 385A. 

soft, hardening of, at high temperatures, 409A. 
spark tests of, 4454. 

specific volume of, 4354. 

specifications for, 437A. 

stainless, heat treatment of, 4554. 

stainless, properties of, 453A. 

stamping of, 4034. 

structural, specifications for, 436A. 

structural, tests of, 429A. 

tempering of, 412A. 

tool, hardness of, 432.4. 

tool, ledeburitic constituents in, 443A. 

torsion tests of, 431A. 

valve, properties of, 444A. 

valve, specifications for, 436.4. 

volume changes of, during heat treatment, 275, Paper. 
work-hardened, elastic limit of, 4314. 

wrought, specification for, 437A. 

STEELWORKS, equipment of, 398A. 

power consumption in, 406A. 

STELLITE, properties of, 4444. 

Srovzs for drying moulds and cores, 383A. 

SrREssEs, internal, in castings, 423A. 

quenching, in steel, 430A. 

repetition, influence of high temperature on, 4264. 
Srrip, cleaning of, 415A. 

cold-rolling of, 405A4., 415A. 

heat treatment of, 412A. 

Srrip MILzs, 4034., 4044. 

STRUCTURAL STEEL, specifications for, 436A. 

tests of, 429.4. 

StrRuctuRE of coke, 353A. 

crystal, X-ray examination of, 452A. 

of Damascene steel, 273D. ‘ 
dendritic, influence of impurities on, of carbon steel, 450A. 
of grey cast iron, 420A., 423A. G 
of high-speed steel, 249P. 

surface, relation of, to inner structure, 452.4. 
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STRucTURE of troostite and sorbite, 448A. 

of welds, 417A. ; 

SuLpuur, absorption of, from fuel in open-hearth process, 3954. 
behaviour of, in blast-furnace, 3684. 
estimation of, in coal, 469A. 

estimation of, in iron and steel, 4664. 
influence of, on red shortness of iron, 427A. 
influence of, on rivet steel, 426A. 
occurrence of, in coal, 348A. 

SULPHUR PRINTS, 449A. 

SULPHURIC ACID, action of, on steel, 26P. 
quenching properties of, 4144. 

SunBEAM Motor Car Co., foundry plant of, 393A. 
SWEDEN, acid Bessemer practice in, 3944. 

iron ore in, 330A. * 

SYNTHETIC TRON, manufacture of, 3854. 


da 


Tanks, electric welding of, 416A. 

Tar, low temperature distillation of, 3554. 
recovery of, from coke-oven gas, 355A. 
TARNISHING, relation between, and corrosion, 458A. 
TEMPERATURE, casting, influence of, on metals, 4214. 
coking, influence of, on coke, 3514. 

high, hardening capacity of steel at, 409A. 
high, influence of, on repetition stresses, 426A. 
high, malleability of steel at, 402A. 

high, properties of metals at, 445A. 

high, properties of refractories at, 3354. 
liquid air, tensile properties of wire at, 4324. 
measurement of, 4464. 

measurement of, in deep wells, 357A. 
TEMPERATURE COLOURS, 340A. 

TremperRine of steel, 412A. 

of wire, 413A. 

TENNESSEE, phosphate industry of, 3744. 

TENSILE PROPERTIES of carbon steel, 4294. 

of iron containing oxygen, 113P. 

of punched plates, 4354. 

of wire, 68P. 

of wire at liquid air temperatures, 432A. 
TENSILE TESTING, nomenclature of, 436A. 

TENSILE TESTING MACHINES, calibration of, 430A. 
Trust BARS for cast iron, 424A. 

Txsts, Brinell, on hardened steel, 183, Paper. 

of cast iron, 420A. 

corrosion, of metals, 456A. 

cutting, of high-speed steel, 4434. 
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Tusts, endurance, of metals, 4254. 

fatigue, of iron containing oxygen, 116P. 
fatigue, of metals, 4264. 

of fuel, 3404. 

of galvanised coatings, 4184. 

of girder hooks, 435A. 

hardness, ball indentation, 433A. 
hardness, of metals, 229P. 

hardness, of iron containing oxygen, 115P. 
hardness, of steel balls, 189P., 234P. 
impact, of iron containing oxygen, 115P. 
impact-tensile, 429.4. 

of iron Portland cement, 378A. 
magnetic, 437A. 

of moulding sands, 387A. = 
nick-bend, for wrought iron, 4284. 
pyrometric, of clay refractories, 336A. 
rebound, of steel balls, 198P. 

of refractory materials, 333A. 

shearing, of wire, 4314. 

spark, of steel, 445.4. 

of springs, 4344. 

of structural steel, 429A. 

tensile, nomenclature of, 436A. 

torsion, of metals, 4314. 

of tubes, 4344. 

of wrought iron and steel, 4244. 
TESTING MACHINES, hardness, 4334. 

Herbert pendulum, 219, Paper. 

tensile, calibration of, 430A. 

TEXTILE MACHINERY, castings used for, 3844. 


THERMAL CONDUCTIVITY of carborundum refractories, 335A. 


of nickel steel, 436.4. 

of refractory bricks, 338A. 
THERMOCOUPLES, metals for, 4464. 
THERMO-ELECTRIC PROPERTIES of alloys, 446A. 
of iron-carbon alloys, 447A. 
THOMAS-DAVIES TINNING MACHINE, 4184. 
Tryros, electric smelting at, 3734. 

TINPLATES, manufacture of, 4184. 

Tres, manufacture of, 416A. 

wear of, 433A. 

TrrantuM, influence of, on malleable castings, 422.4. 
influence of, on steel, 396.4. 

TrrraTIon of iron, 468A. 

Toon STEEL, hardness of, 432A. 

ledeburitic constituents in, 4434. 
TORSION TESTS of metals, 4314. 
TRANSFORMATION, delta-gamma, in alloys, 4514. 
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TRANSFORMATION in pure iron, 447A. 
TROOSTITE, strueture of, 4484. 

TusEs, butt welded, manufacture of, 4034. 
formation of blisters on, 51D. 
seamless, manufacture of, 4154. 
specification for, 437A. 

testing of, 434A. 

TusBrna, strength of, under loading, 435.4. 
TuNGstEN, dilatation of, 436A. 

estimation of, in low-grade ores, 469A. 
estimation of, in tungsten steel, 467A. 
TUNGSTEN STEEL, estimation of tungsten in, 467A. 
— hardness of, 432A. 


ledeburitic constituents in, 443.4. 


influence of heat treatment and carbon content on, 411A. 
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TuyYEREs, influence of number and diameter of, on blast-furnace practice, 3644. 


TWIN BANDS, formation of, 450A. 


18% 


ULstTER, coal in, 3464. 

Unrrep Sratss, blast-furnaces in, 3754. 
coal in, 347A. 

foundries in, 393A. 

kempite in, 330A. 

malleable foundries in, 392A. 


rail-rolling practice in, 404A. 
rolling-mills of, 4034. 
steelworks in, 398A. 


VALVE STEEL, properties of, 4444. 

specifications for, 436A. 

VALVES, moulding of, 3844. 

production of, 386A. 

VANADIUM, influence of, on high-speed steel, 4434. 
VANADIUM STEEL, endurance properties of, 427A. 


‘VoLHARD- WOLFF METHOD for estimation of manganese, 467A. 


VotumgE, specific, of steel, 435A. 


VouumeE cuanass of steel during heat treatment, 275, Paper. 


W. 


WATER-GAS, use of bituminous coal in manufacture of, 362A. 


Wear of rails and tires, 433A. 
Wetprne of cast iron, 417A. 
electric, 416A. 


power consumption in steel industry of, 406A. 
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WELDING, oxy-acetylene, 417A. 

WELDING CompouND for cast iron, 417A. 
WELDs, design and structure of, 417A. 
WHEELS, car, moulding of, 384A. 

chilled, moulding of, 393A. 

WHITLEY CENTRIFUGAL CASTING PROCESS, 389A. 
WIBERG DIRECT PROCESS, 380A. 

WIBORGH DIRECT PROCESS, 380A. 

WILPUTTE COKE-OVEN, 349A. 

Wire, galvanised, specifications for, 436.4. 
heat treatment of, 412A4., 413A., 415A. 
properties of, 68P. 

shearing tests of, 4314. 


WIRE DRAWING, 4144. 

WISCONSIN STEELWORKS, open-hearth plant of, 398A. 
WoORK-HARDENED STEEL, elastic limit of, 431A. 
WoRK-HARDENING of metals, 433A. 

Work HARDNESS, 234.P. 

WOE LD, coal resources of the, 347A. 

WROUGHT IRON, corrosion of, 456A. 

nick-bend test for, 428.4. 

specifications for, 437A. 

WROUGHT STEEL, specification for, 437A. 


xX. 


X-rays. See Rontgen rays. 


WE: 


Yanatze Enernenrina Works, plant of, 328A. 
YOUNGSTOWN SHEET AND TuBE Co., tube mills of, 403.4. 
YUNNAN, iron ore in, 327A. 


Lis 


ZING, separation of, from aluminium, 468A. 
ZIRCONIUM, properties and uses of, 338A. 
ZSCHOCKE BLAST-FURNACE GAS OLEANER, 372A. 


tensile properties of, at liquid air temperatures, 432.4. 
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AS 


AALL, N. H., on softening of nickel steel, 4114. 
ABRARD, R., on petroleum in Morocco, 3574. 
Apa, A, T., on pickling and diffusion of hydrogen, 55D. 
elected member, |. 
Apvams, J. R., on hardened and ground rolls, 402.4. 
ApAmson, H., on influence of carbon in cast iron, 423A. 
Aatus, E. T., obituary notice of, 320. 
Arrouison, L., on defects of hardened steels, 431.4. 
on drop forging practice, 4034. 
on elastic limit of work-hardened steels, 431A. 
Arrentson, L., and G. R. Woopvinn— 
Paper on “‘ The changes of volume of steels during heat treatment,” 275.— 
Correspondence : W. T. Giffiths, 289.—Authors’ Reply, 290. 
AtLENDorR®, H., on density and expansion of pig iron, 4224, 
Atuison, A., on pickling and diffusion of hydrogen, 56D. 
Atimanp, A, J., on electro-deposition of manganese, 463.4. 
ANDERSON, E. M., on coal in Scotland, 3464. 
AnpeErson, H. W., on foundry coke, 352.4. 
AnpDERSON, R. J., on corrosion tests, 460A. 
on permanent moulds, 3834. 
on use of corrosion-resistant alloys in mine waters, 456A. 
AnvbreEw, J. H., on carbides in nickel-chromium steel, 451 A. 
on specific volume of steel, 435.4. 
Awnstow, W., on design of forging dies, 403A. 
Armstrong, P. A. E., on stainless steel, 4564. 
Arrowsmiti, R.— 
Note on ‘‘ The effect of grain-size on the extension at the yield point in 
Armco iron,” 317. 
Asatpa, T., on estimation of sulphur in iron, 4664. 
Astzury, S. J., elected member, 1. 
Avpipert, E., on combustion of pulverised fuel, 342.4. 
on constitution of fuels, 347A. 
Aveusttin, C. E., on pulverised fuel, 3424. 


15%. 


Basix, H., on fluxes in galvanising, 4184. 
Baauey, C. J., elected Hon. Vice-President, 3. 
Baana, G., elected member, I. 


1924—ii. 21 
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Baur, H., on estimation of sulphur in coal, 469A. 
Barn, A. D. N., on coal in Nigeria, 343A. 
Bain, E. C., on X-ray examination of metals, 452.4. 
Paper on “ The nature of high-speed steel.” . See Grossmann, M. A. 
BALLARD, W. E., on metal spraying, 418A. 
Bangs, F. W. R., elected member, 2. 
BANNIsTER, C. O., on properties of cast iron, 4244. 
BarKwey, J. F., on flow of blast-furnace gas in mains, 3734. 
Bar.eEy, T. W., on core stoves, 383A. 
Barton, L. J., on electric furnace practice in foundries, 382.4., 386.4. 
Basu, F. E., on thermocouples, 446A. 
BAURIEDEL, F., on estimation of sulphur, 4694. 
Braves, A., on petroleum in Morocco, 3574. 
BEHREND, F., on formation of iron and manganese, 331A. 
Brisy, Sir George, obituary notice of, 320. 
Brwatnw, N. T., on granulation theory, 451A. 
on hardening of steel, 162D. 
on iron and oxygen, 135D. 
on nature of high-speed steel, 273D. 
on work-hardening of steel, 216D. 
BELANGER, on brittleness of notched bars, 4284. 
Bees, C. H., on estimation of nickel, 466A. 
BrENEDICES, C., on specific gravity of iron, 435A. 
BENEDICKS, C., and V. CHRISTIANSEN— 
Paper on “‘ Investigations on the Herbert pendulum hardness tester,”’ 219 ; 
test on different metals, 229.—Correspondence: E. G. Herbert, 239; ‘A. 
Hultgren, 241; H. O'Neill, 242; C. Benedicks, 244. 
Bera@er, H. H., on blast-furnace coke, 3514. 
Berxuin, D. W., on dilatation of tungsten, 436A. 
on specific gravity of iron, 435.4. 
Bzruiner, J. F. T., on properties of iron-carbon alloys, 447A. 
Bertaecort, C., on coke-oven practice, 3514. 
on low temperature carbonisation, 353A4., 3544., 355.4. 
on testing of fuel, 340A. 
Brgo.tint, A., on electrostatic separation of minerals, 332.4. 
Brean, K., on use of fluorspar in blast-furnace cement, 378A. 
Bryagal, R., on protection of iron, 4614. 
Biypezp, O., on estimation of molybdenum, 467.4. 
Buizarp, J., on pulverised fuel, 342.4. 
Bozurineer, HE. C., on American foundry plant, 393.4. 
on foundry plant of Belle City Malleable Iron Co., 392.4 
Boarren, B., on blast-furnace bears, 370A. 
Boxsover, G. R., on hardening of steel, 165D. 
Botton, J. W., on structure of cast iron, 423A. 
on test-bars, 4244. 
Boyp, M. E., on permanent moulds, 3834. 
Branpt, L., on analysis of iron ore, 467.4. 
Brear.ey, J. W., on use of coke-oven gas, 362.4. 
Briaas, J. R., on demolition of blast-furnace stacks, 366A. 
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Briraier, E., on thermal conductivity of refractories, 338A. 
Brown, L. N., on testing of sheets and strip, 4024. 

Brown, R. P., on pyrometry, 4464. 

Browntin, D., on pulverised fuel, 342.4. 

Brucz, E. L., on iron ore in Ontario, 3274. 

Brucuer, M., on mineral resources of China, 3294. 

Brut, §., on use of natural phosphates in blast-furnace, 370A. 
Brune Ltt, C., on filtration of cast iron, 3824. 

Brunscuweic, R., on shale in France, 3584. 

Bryant, A. W., on twin electric furnaces, 382.4. 

Buowanay, R., on liquid contraction of cast iron, 423.4. 

Bupeen, H. P., on influence of high temperature on properties of steel, 426A. 
Buzz, G., on power requirements of rolling-mills, 406.4. 

Buntez, K., on reactivity of coke, 352A. 

Burcu, C. S., elected member, 2. 

Burowartz, H., on use of slag sand in concrete, 3784. 

Burrag, P. L., on valuation of mineral deposits, 331A. 
Burton-Smiru, H., on estimation of carbon in bath samples, 465.4. 


C. 


Carn, J. R., on influence of elements on red-shortness of iron, 427A. 
CALDWELL, L., on heat transmission of furnace walls, 339A. 

CALvERT, R., on heat transmission of furnace walls, 339A. 

Cammen, L., on centrifugal casting of bars, 4004. 

CamPBELL, A. N., on electro-deposition of manganese, 463A. 

CAMPBELL, EH. D., on influence of carbon on magnetic properties of steel, 440A. 
on preparation of bars of different carbon content, 439A. 

CAMPBELL, E. D., and G. W. WHITtNEY— 

Paper on “ The effect of changes in total carbon and in the condition of 
carbides on the specific resistance and on some magnetic properties of steel,” 
291. 

CAMPBELL, T. P., on case-hardening, 409A. 

CaRrosBI, G., on analysis of scheelite, 4684. 

Carosio, G., elected member, 2. 

CarPEenter, H. C. H., on iron and oxygen, 134D. 

Carson, H. Y., on use of bronze for welding cast iron, 417A. 
Cassin, H., on surface combustion in reheating furnaces, 4014. 
CASTELLI, G., on magnesite in Italy, 333A. 

Cayeux, L., on iron ore in France, 329A. 

Cazaup, R., on annealing of sheets, 4384. 

Cervera, J. M., elected member, 2. 

Cuancz, H. M., on blast-furnace coke, 350A. 

Cuancoz, T. M., on sand flotation process, 350.4. 
CHANCELLOR, W. C., on manufacture of seamless tubes, 415A. 
Cuarpy, G., on oxidisability of coal, 349.4. 

Cun, T. H., on estimation of cobalt, 466.4. 

CuEVENARD, P., on dilatometric analysis of alloys, 4364. 

on properties of invar, 4444, 
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CHRISTIANSEN, S. A., on properties of valve steel, 444.4. 
CHRISTIANSEN, V.— 
Paper on “ Investigations on the Herbert pendulum hardness tester.” See 

Benedicks, C. 
Cav, T. O., on coal in China, 3454. 
CLEMENTS, F., on gas-producer practice, 3614. 
Coatzs, W. S., on utilisation of low-grade fuel, 341A. 
Coss, J. W., on dilatation of refractories, 336A. 
Conapb, J., on hardness of tool steel, 432A. 
Coxz, R. A. R., on chilled rolls, 385A. 
Couuins, E. F., on electric heat treatment furnaces, 413A. 
Cortrman, R. W., on estimation of manganese, 467A. 
Comstock, G. F., on cold drawing of steel, 415A. e 
ConpDAMINE, C. de la, on calorific value of fuels, 3404. 
on sampling of coal, 469A. 
Conepon, L. A., on analytical methods, 466A. 
CONNERADE, on constitution of coal, 3484. 
Corsert, W. J., on foundry costs, 3934. 
Cornina, C. R., obituary notice of, 321. 
Cornu-THENARD, A., on utilisation of fuel, 3404. 
Correr, G. de P., on oil shale in Burmah, 3584. 
Cournot, L., on discovery of converter process, 3944 
Cramer, H., on roll-draughting, 4044. 
CraprEr, EH. H., on magnetic analysis, 437A. 
Cremer, J. H., obituary notice of, 322. 
Crettin, F., on shearing tests of wire, 431A. 
on tensile strength of carbon steel, 430A. 
on torsion tests of metals, 4314. 
CrooxE, W., obituary notice of, 322. 
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Kwox, J. D., on plant of Anchor Drawn Steel Co., 4154. 
Ko6rser, F., on cold-working of metals, 415A. 

on elastic behaviour of cold-worked steel, 432.4. 

on granular cementite, 448A. 

Korevaar, A., on heat compression, 366A. 

Koster, W., on granular cementite, 448A. 

K6rresn, C., on applications of electric power in German industry, 406A. 
Krdmer, W., on tinning machines, 4184. 

Kruisincer, K., on pulverised fuel, 342.4. 

Krevuuen, D. J. W., on influence of size of coal on character of coke, 352.4. 
KReEvutzBerG, EK. C., on iron industry of New York, 375A. 
Krrivopor, V. N., on structure of metals, 452.4. 
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